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Abstract 
This thesis provides much needed representative sample data for reuse life of 
fully seated and torqued locknuts.  Most national requirements for prevailing torque 
locking fasteners only specify unseated reuse life.  This could create a potentially 
dangerous situation if unseated is misinterpreted for seated.  This thesis provides 
comparative data for seated verses unseated configuration.  Six aerospace, 3 all-metal 
and 3 nylon insert, and one non-aerospace locknuts were tested at preloads levels of 
unseated, 66%, 75%, and 85% of yield of bolt.  The locknuts tested are MS21043-4, 
NAS1291-4, NAS1805-4, MS17825-4, MS21044D4, NAS1021N4, and Grade 8.  A fixture 
was created in order to allow for the simultaneous data collection of the applied preload 
and torque, along with the removal of preload without loosening the locknut.  The 
results from testing indicate the number of reuse cycles is greater for nylon locknuts 
than the all-metal locknuts.  Large losses, on the order of 20-50%, in prevailing torque 
occur between the first and second cycle of each locknut under all preloads.  Tightening 
Torque required to achieve a certain preload was found to increase with reuse.  
Application of lubrication to nylon locknuts had a significant effect, reducing the reuse 
life and prevailing torque performance.  The testing indicated the effect of preload 
reduced the number of reuse cycles to failure, failure occurs when the prevailing torque 
is measured outside the range of 3.5 to 30 in-lb.  All locknuts survived unseated and 66% 
Y preload testing, 
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except MS21043 which lasted about 14.5 reuse cycles at 66% Y and NAS1805 which 
survived 8 reuse cycles for unseated and 12.67 reuse cycles at 66% Y.  NAS1805’s loss of 
reuse life is due to hardness and material compatibility issues.  The scatter of the torque 
measurements was low for the first three to five cycles, then as the coatings and 
lubrications are worn the scatter increases.  The data collected from testing agrees with 
the torque friction equation. 
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1 Introduction and Overview 
Prevailing torque locking features are commonly used with threaded fasteners in 
a variety of applications.  A common use of this locking feature is in locknuts, in the form 
of distorted threads, tapered profiles, or nylon inserts.  Locking features can also be 
integrated into bolts, screws, and inserts.  Once the locking feature is engaged these 
types of fasteners require application of a torque, known as prevailing torque, until 
seated; standard threaded fasteners lack this feature, requiring no torque and spin 
freely until seated.  A locknut is seated when the nut face is engaged with the clamped 
component’s surface, i.e. washer or fixture.  Unseated is defined when the nut face does 
not engage or touch the clamped component’s surface.  Full definitions for terms are 
provided in Appendix J. 
Many industries require use of prevailing torque locking fasteners, particularly 
the aerospace industry.  The aerospace industry has three principal reasons for using 
prevailing torque locking fasteners.  Most notably these types of devises offer a directly 
verifiable and measureable torque during assembly.  Another important characteristic is 
the all-metal varieties of locking features are usable in high temperature applications.  
Thirdly, there is significantly less labor involved with installing these fasteners than 
required for installing mechanical locking hardware such as lock wire and cotter pins.  
Experience has shown these locking features have the following characteristics: In 
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severe vibration and shock environments, the main feature of prevailing torque locking 
devises is to prevent complete separation and loss of fasteners (i.e., provide foreign 
object debris protection), not to maintain preload. 
Most qualification standards specify acceptable prevailing torque ranges for 
prevailing torque locking fasteners for unseated life.  However, a seated fastener will 
undergo additional loading stresses and will experience additional wear and plastic 
deformation.  Within industry applications, specifically aerospace, prevailing torque 
fasteners are typically seated.  Since the qualification standards for these fasteners lack 
seated life requirements or poses limited seated requirements, it is unclear how the 
devises behave under preload because there is no described seated life.  This thesis’ 
purpose is to provide much needed data for the seated behavior of prevailing torque 
locking features. 
1.1 Background 
As mentioned previously, most current qualification standards only provide 
unseated and limited seated requirements or do not specify any required seated life 
specifications.  The standard NASM25027 [1] specifies unseated reuse life requirements 
of fifteen cycles within the range of 3.5 to 30 in-lb prevailing torque and has no seated 
life requirements. Standard NAS3350 [2] only requires the first cycle to be seated with 
the remaining fourteen reuse cycles unseated with prevailing torque range of 3.5 to 30 
in-lb.   This leaves the industry with a potentially dangerous issue of misinterpreting the 
unseated life as seated life.  Numerous company policies do not allow reuse of 
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prevailing torque locking fasteners, while in other cases some reuse is permitted.  With 
little data on seated life, the performance of these devises with reuse is unknown.  Very 
little published material exists relating to locking feature wear-out.   
There is limited scattered data on the seated life of prevailing torque locking 
features.  A 1978 study by Light and Strange [8] performed static and vibration reuse 
tests to determine the reuse characteristics of nine fastener systems, three being 
locknuts.  The vibration testing subjected torque tightened fasteners in a Junker 
transverse vibration test machine and vibrated them for 1000 cycles at 12.5 Hz.  The 
testing found Simonds locknut PA 108 (M6 annular nylon element, showed no apparent 
trend with five reuses) gradual degradation of the locking feature with fifteen reuses, 
and the prevailing torque was non-existent by the ninth reuse.  Simonds locknut PH 
135M (M6 all-metal with elliptically deformed upper threads) static retightening caused 
an increase in friction and degradation occurs within the first five reuses.  The BS 
A125/66 locknut ( 0.25” UNF all-metal with deformed upper threads) reuse had no 
predominant effect on torque-tension.  This thesis differs with the study by Light and 
Strange with respect to different preload levels and comparison of unseated and seated 
testing.   
The standard IFI 100/107 [10] rates prevailing torque performance by classifying 
locknuts as Grades A, B, C, F, and G.  Grades A, B, and C are steel hex nuts sized No. 4 to 
1.5 inches, and Grades F and G are steel hex flange nuts sized 0.25 to 0.75 inches.  The 
proof load stress for Grade A is 90,000 psi.  Proof load stress for No. 4 to 1 in Grade B 
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locknut is 120,000 psi, while over 1in to 1.5 in is 105,000 psi.  Both Grades C and G have 
proof load stresses of 150,000 psi, and Grade F has a proof load stress of 120,000 psi.  
Along with the prevailing torque the torque tension capability is also set forth by the 
standard.  This standard is one of two, the other MIL-DTL-18240F [6], referenced 
standards with more than a single seated cycle requirement.  For the prevailing torque 
test, a 0.25” – 28 UNF locknut must perform a torque measurement of less than 30 in-lb 
for the first install.   The locknut is then seated and tightened to a preload matching the 
clamp load of 2300 lb.  For the first removal the minimum torque shall not be less than 
5.0 in-lb.  The fifth removal with the minimum torque of 1.5 in-lb.  In the definition, the 
standard claims that for most locknuts the Breakloose Torque is greater than the 
Tightening Torque.   
Bickford [9] describes a torque friction equation used to relate the torque 
applied to a nut to friction and elastic reactions to that torque.   
    	
 		

 	 	                        Equation 1.1 
The result of the equation provides that 50% of the torque is due to thread 
friction, 40% from other frictions, and 10% from bolt stretch.  The testing performed 
adds support to this equation.  This is explored further in section 4.7. 
The purpose of this thesis is to add to the literature and data of prevailing torque 
locking feature wear-out by: publishing data, the collection of torque and preload data 
concurrently, wear-out as a function of seated reuse cycles, wear-out as a function of 
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preload, testing and comparing a variety of locknuts primarily aerospace and one non-
aerospace.   
The lack of published data is being filled by testing the reuse of a variety of 
locknuts for publication of the results for use by industry.  Figure 1-1 shows a sketched 
aid of the torque 
verses relative turn 
between the locknut 
and bolt.  It provides 
points where torque 
measurements are 
recorded and 
describes the phases 
of one reuse cycle.  
The collecting of 
torque and preload 
data concurrently is achieved by use of a special test fixture, which allows for the 
application of preload to the locknut then for the removal of the preload without 
loosening the locknut.  Wear-out as a function of seated reuse cycles is performed by 
testing each locknut up to 15 cycles or failure while being seated.  Two different trial 
types are performed; one where the preload is removed from the locknut without 
loosening the locknut, and the other where the preload is removed by loosening the 
locknut.  Wear-out as a function of preload is performed by testing each locknut with 
Figure 1-1: Example of Torque vs. Relative Turn between Nut 
and Bolt; 66% Y 
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preloads of 66%, 75%, and 85% of bolt yield.  Seven different locknuts are tested, 
including six aerospace grade locknuts, three being all-metal and three nylon insert, and 
one non-aerospace grade locknut.  The aerospace locknuts tested are: MS21043-4, 
NAS1291-4, NAS1805-4, MS17825-4, MS21044D4, and NAS1021N4.  The non-aerospace 
locknut tested is a standard Grade 8 nylon insert locknut.  Between each reuse cycle the 
locknut is completely removed from the test bolt. 
1.2 Outline 
This paper is divided into six chapters plus an appendix.  The next chapter covers 
the testing fixture, tools used, locknut specimens, bolts, washers, and the test plan.  In 
this thesis the locknuts are listed and described in the order of the six aerospace 
locknuts first, then followed by the non-aerospace locknut.  The six aerospace locknuts’ 
order will be the three all-metal first followed by the three nylon inset locknuts.  The 
order of the locknuts is: MS21043-4, NAS1291-4, NAS1805-4, MS17825-4, MS21044D4, 
NAS1021N4, and Grade 8.  Chapter 3 contains the graphed data of the locknut testing 
performed for all seven locknuts. The graphs include plots of Assembly and Removal 
Prevailing Torques, Tightening and Breakloose Torques, the percent difference between 
the assembly and removal prevailing torque of a given cycle, and the life of the locknut.  
The data plots are then analyzed and discussed in Chapter 4, describing trends, 
irregularities, and other points of interest.  After the data is analyzed conclusions are 
drawn from the testing and analysis, these conclusions are described in Chapter 5.  The 
final chapter provides the references used in this thesis.  In the appendix, additional 
information is provided that supplements the main body of the thesis.  
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2 Testing 
This chapter describes the testing and data acquisition for this paper.  Topics 
include the testing fixture, tools used, locknut specimens, bolts, washers, and finally the 
test plan.   
2.1 Fixture 
The testing fixture is a three tiered steel assembly, with the top plate able to be 
lowered by three grade 5 bolts and a load cell between the middle and bottom plate.  
The fixture is designed with two principal purposes in mind.  The first was to allow for 
the removal of the preload from the locknut without loosening the locknut.  The second 
motive was to enable the measuring of the preload and torque on the locknut 
simultaneously.   
 
Figure 2-1: Top Plate 
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Figure 2-2: Middle Plate 
 
Figure 2-3: Bottom Plate 
The material the fixture plates are manufactured from is alloy steel.  Each plate is 
square with 4.0 inch sides.  The top plate has a depth of 0.38 inches while the middle 
and lower plates are 0.25 inches thick.  The plates’ dimensions are designed with the 
use of Solidworks to allow the fixture to withstand a preload of 5000lb with less than 
0.005 inches of deflection.  Each of the three plates has a through hole with a diameter 
of 0.25 inches at its center point.  The top plate has three 0.25” – 28 UNF tapped holes 
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120° apart and 1.5 inches from the center point. The bottom plate has a counterbore of 
0.031 inches depth and 2 inches diameter, this is to keep a load cell centered in the 
fixture. 
The plates are assembled in a specific manner in order for the fixture to operate 
properly.  The bottom plate is firmly secured in a 5.5 inch jaw bench vise.  On top of the 
bottom plate sits a 5000lb capacity 2in diameter donut style load cell, connected with 
display, within the counterbore circular hole.  The load cell was manufactured by 
Sensotec (model D/7074-06), and its display also from Sensotec (serial number 557260).   
The middle plate is positioned on top of the load cell.  Three 0.25” x 1.25” – 28 
Grade 5 bolts are inserted into the threaded holes in the top plate.  Then the top plate is 
placed on the middle plate with the bolt heads up.  Once the plates are stacked in the 
correct orientation, align the center 0.25” hole in the center of each plate with each of 
the others.  When the holes are aligned, the test bolt can be inserted with a washer and 
the test specimen locknut can then be secured to the test bolt.  Figures 4 through 6 
show the fixture assembly, for dimensioned drawings of the plates and fixture see 
Appendix B. 
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Figure 2-4: Fixture Top View 
 
Figure 2-5: Fixture Side View 
 
Figure 2-6: Fixture Dimetric View
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2.2 Wrenches and Sockets 
Testing the locknuts required the used a quantity of five separate torque 
wrenches, a single box/open wrench, and six sockets.   
2.2.1 Torque Wrenches 
Table 2-1: Torque Wrenches 
Manufacturer Model 
Torque Range 
(in-lb) 
Increment Scale 
(in-lb) 
Accuracy* 
Drive Size 
(in) 
Snap-on TQS1FUA 0 – 12 0.25 ±2%    
Proto J6168F 0 – 30 0.5 ±4%    
Proto 6169A 0 – 75 1.0 ±3%    
Proto 6177A 0 – 250 5.0 ±3%    
Proto 6181A 0 – 600 10.0 ±3%    
*of the reading from 20% of full scale to 100% full scale clockwise and counterclockwise 
The torque wrenches used varied in torque range, accuracy, and drive size.  
Table 1 contains information of the torque wrenches used.  In further detail the Model 
6169A, renamed J6169F, manufactured by Stanley Proto Industrial Tools exhibits a 
range of 0 – 75 in-lb with measurement increments of 1.0 in-lb.  The accuracy of the 
measured torque values are ±3% of the torque reading CW/CCW at 20% of full scale to 
100% of full scale.  This torque wrench has a drive size of    inch. 
2.2.2 Hand Wrench 
Only one hand wrench was used in the process of testing.  The wrench was a    
inch Craftsman box/open wrench.   
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2.2.3 Sockets 
Due to the different sizes of the locknut heads, bolt heads, and locknut head 
shape; several different sockets were required to perform the testing.  The sockets used 
are: 
•   ” 6-Point with a   ” drive 
•   ” 6-Point with a   ” drive 
•   ” 6-Point with a   ” drive 
•   ” 6-Point with a   ” drive 
•   ” 12-Point with a   ” drive 
•   ” 12-Point with a   ” drive 
2.3 Locknut Specimens 
Seven different locknuts, chosen for representing different materials and locking 
feature types, are utilized in the testing, six of which are aerospace grade with the 
remaining being grade 8.  In Table 2-2 each locknut tested is described, for further 
information of the locknuts see Appendix A and Manufacturers’ Certifications in 
Appendix H.  Specifications common to the aerospace locknuts are: thread size 0.25 
inches, thread pitch 28 – UNJ, maximum torque value 30 in-lb, and minimum torque 
value 3.5 in-lb.  Grade 8 locknut specifications are thread size 0.25 inches, thread pitch 
28 – UNF, maximum torque 40 in-lb, and minimum torque value 5.0 in-lb. Each tested as 
received. 
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Table 2-2: Locknut Information 
Locknut 
Locknut 
Material 
Locking Feature  
Coating or 
Plating 
Lubrication 
Applicable 
Standards 
MS21043 AMS 5731-
L Steel 
All-Metal 
Distorted Thread 
AMS 2410 
Silver 
Dry Film NASM25027 
NAS1291 QQ-P-416C 
Steel 
All-Metal 
Distorted Thread 
Cadmium Dry Film NASM25027 
NAS1805 
A-286 Steel 
All-Metal 
Distorted 
Elliptical Thread 
AMS 2700 
Type 2 Rev. 
C Passivate 
Solid Film NAS3350 
MS17825 
1137 Steel Nylon 
Cadmium 
and Yellow 
Chromate 
None 
NASM25027; 
ASTM 
D4066-94B 
MS21044 2024 T4 
Aluminum 
Nylon 
Anodized 
and Blue 
Dye 
None 
NASM25027; 
ASTM 
D4066-94B 
NAS1021 AMS 5040 
Steel 
Nylon Cadmium None 
NASM25027; 
ASTM 
D4006-00 
Grade 8 
Steel Nylon Plain Finish 
Naphthenic 
Oil 
IFI 100/107 
 
2.4 Bolt Specimens 
Two bolts are used for testing.  One aerospace grade, NAS1004, and the other 
grade 8.  Both are 0.25 – 28, with the thread type for NAS1004 UNJ and the grade 8 
UNF.  Neither bolt has lubrication and both are cleaned with MEK.  MEK is an industrial 
solvent.  The test bolt are completely submerged and cleaned for 15 minutes in an 
ultrasonic cleaner. 
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Table 2-3: Bolt Information 
Bolt NAS1004-29A Grade 8 
Bolt Length (in) 2.356 2.0 
Thread Length (in) 0.541 0.75 
Material A-286 Steel Alloy Steel 
Coating/Plating QQP35C Passivate Yellow Zinc 
Applicable Standards AS7477 A SAE J429 and ASME B18.2.1 
0.2% Yield Strength (psi) 100,000 130,000 
Tensile Stress Area (in
2
) 0.0364 0.0364 
100% Y Preload (lb)* 3640 4730 
66% Y Preload (lb)* 2400 3120 
75% Y Preload (lb)* 2730 3550 
85% Y Preload (lb)* 3100 4020 
* Preload calculations in Appendix F 
 
2.5 Washer Specifications 
Two washers are used in testing.  One washer is aerospace grade, NAS1149, and 
the other is grade 8.  Both washers have a nominal diameter of 0.25 inches and have no 
lubrication applied.  The washers are tested as received without cleaning. 
 
15 
 
Table 2-4: Washer Information 
Washer NAS1149C0463R Grade 8 
Outer Diameter (in) 0.50 0.75 
Inner Diameter (in) 0.265 0.31 
Thickness (in) 0.063 0.051 – 0.080 
Material CRES Through Hardened Steel 
Coating/Plating QQ-P-35 Yellow Zinc 
Applicable Standards 
MIL-S-5059 and  
UNSPSC 31161807 
ASME/ASNI B 18.22 and 
ASTM F436 
 
2.6 Test Plan 
Below is a condensed form of the test plan.  The full test plan is very detailed and 
provided in Appendix G.  Between each reuse cycle the locknut is completely removed 
from the test bolt. 
2.6.1 Test Plan – Condensed 
I Prepare bench vise 
I.1        Separate jaws by 4 inches 
II Unseated Testing 
II.1 Collect  one test bolt, one locknuts, two washers, and wrenches 
II.2 Clean test bolt with MEK in ultra-sonic cleaner for 15 minutes  
II.3 Install test bolt into fixture from bottom plate with grade 8 washer 
II.4 Apply lubricant to locknut 
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II.4.1    Grade 8 apply 3-IN-ONE (Naphthenic Oil) 
II.4.2    Other locknuts no lubricant 
II.5 Measure and record Assembly Prevailing Torque 
II.5.1    Locking feature is fully engaged when two of the test bolt’s 
threads are visible 
II.5.2 Measured from the average of one full revolution 
II.6 Measure and record Removal Prevailing Torque 
II.6.1 Measured from the average of one full revolution 
II.7 Measure and record Assembly Prevailing Verification Torque  
II.7.1 Turn locknut in tightening direction 
II.8 Remove locknut from test bolt 
II.9 Clean any debris from locknut and bolt with compressed air 
II.10     Repeat for 15 cycles or 2 cycles after locking feature failure 
II.11     Failure occurs when Prevailing Torque is measured below 3.5 in-lb, above 
30 in-lb, locknut 6/12-point damage to prevent tightening of locknut, or 
bolt fails 
III Prepare fixture 
III.1 Place bottom plate in bench vise with counterbore facing up 
III.2 Place load cell in counterbore; connect to display 
III.3 Place middle plate on load cell; align center holes 
III.4 Install three grade 5 bolts into perimeter holes of top plate 
III.4.1 Install fixture bolts with maximum length below plate 
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III.5 Place the ends of the top plate’s fixture bolts on middle plate; align 
center holes 
IV Trial 1 Testing (Half Cycle) 
IV.1 Collect test bolts, locknuts, washers, and wrenches 
IV.2 Clean test bolt with MEK in ultra-sonic cleaner for 15 minutes  
IV.3 Install test bolt into fixture from bottom plate with grade 8 washer 
IV.4 Apply lubricant to locknut 
IV.4.1 Grade 8 apply 3-IN-ONE, (Naphthenic Oil) 
IV.4.2 Other locknuts no lubricant 
IV.5 Place washer and locknut on test bolt protruding threads from top plate 
IV.6 Measure and record Assembly Prevailing Torque 
IV.6.1 Locking feature is fully engaged when two of the test bolt’s 
threads are visible 
IV.6.2 Measured from the average of one full revolution 
IV.7 Tighten locknut to 66% Y preload and hold for 5 seconds 
IV.7.1 Hold bolt head while turning locknut with torque wrench 
IV.8 Record tightening torque needed to achieve preload 
IV.9 Lower top plate of fixture to remove preload 
IV.9.1 Turn the three fixture bolts counter clockwise 
IV.10 Measure and record Removal Prevailing Torque 
IV.10.1 Measured from the average of one full revolution 
IV.11 Measure and record Assembly Prevailing Verification Torque  
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IV.11.1 Turn locknut in tightening direction 
IV.12 Remove locknut from test bolt 
IV.13 Clean any debris from locknut and bolt with compressed air 
IV.14 Repeat for 15 cycles or 2 cycles after locking feature failure 
IV.14.1 Failure occurs when Prevailing Torque is measured below 
3.5 in-lb, above 30 in-lbs, locknut 6/12-point damage to 
prevent tightening of locknut, or bolt fails 
V Trial 2 Testing (Full Cycle) 
V.1 Collect new test bolts, locknuts, washers, and wrenches 
V.2 Clean test bolt with MEK in ultra-sonic cleaner for 15 minutes  
V.3 Install test bolt into fixture from bottom plate with grade 8 washer 
V.4 Apply lubricant to locknut 
V.4.1 Grade 8 apply 3-IN-ONE, (Naphthenic Oil) 
V.4.2 Other locknuts apply no lubricant 
V.5 Place washer and locknut on test bolt protruding threads from top plate 
V.6 Measure and record Assembly Prevailing Torque 
V.6.1 Locking feature is fully engaged when two of the test bolt’s 
threads are visible 
V.6.2 Measured from the average of one full revolution 
V.7 Tighten locknut to 66% Y preload and hold for 5 seconds 
V.7.1 Hold bolt head while turning locknut with torque wrench 
V.8 Record tightening torque needed to achieve preload 
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V.9 Do not lower top plate of fixture to remove preload 
V.10 Record Breakloose Torque 
V.10.1 Hold bolt head while turning locknut counter clockwise with 
torque wrench 
V.10.2 Loosen locknut until preload is fully removed 
V.11 Measure and record Removal Prevailing Torque 
V.11.1 Measured from the average of one full revolution 
V.12 Remove locknut from test bolt 
V.13 Clean any debris from locknut and bolt with compressed air 
V.14 Repeat for 15 cycles or 2 cycles after locking feature failure 
V.14.1 Failure occurs when Prevailing Torque is measured below 
3.5 in-lb, above 30 in-lbs, locknut 6/12-point damage to 
prevent tightening of locknut, or bolt fails 
VI Repeat Step V for Trial 3 Testing (Full Cycle) with new fastener specimens 
VII Repeat Step V for Trial 4 Testing (Full Cycle) with new fastener specimens 
VIII Repeat Steps II through V for preloads of 75% Y and 85% Y 
IX Repeat Steps II through VIII for all locknuts 
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3 Data 
3.1 Overview 
This chapter introduces the data collected during testing in graphical format.  As 
the raw data collected are tables full of individual data points and are difficult to 
perceive trends from, plots were generated from this data.  The raw data in table format 
is provided in Appendix C.  The values plotted are Assembly Prevailing Torque, Removal 
Prevailing Torque, Tightening Torque, Breakloose Torque, Percent Difference, Life Cycle, 
and Percent Decrease.   
Assembly Prevailing Torque is the torque required to affect rotation in the 
forward or tightening direction to run the nut down a thread after the locking feature is 
fully engaged(after the bolt’s threads can be seen protruding above the locknut).  
Removal Prevailing Torque is just like the Assembly Prevailing only in the reverse or 
loosening direction and up a thread.  Tightening Torque is the torque required to affect 
the forward rotation needed to achieve the desired preload.  Breakloose Torque is the 
torque required to affect reverse rotation when a preloaded threaded assembly is 
initially loosened.  Percent Difference is the percentage difference between the 
Assembly Prevailing and Removal Prevailing torques during a respective cycle.  Reuse 
Life Cycle is the number of cycles a locknut survived testing.  The life plotted in the 
graphs includes failures of the locking feature, bolt failure, and damage to the 6/12-
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point of the locknut preventing further testing.  The raw data tables in Appendix C will 
describe which failure occurred.  Percent Decrease is the percentage loss of the 
Assembly Prevailing Torque between Cycles 1 and 2.   
Seven different prevailing torque locknuts are tested with six being aerospace 
grade and one non-aerospace grade.  In order to make the presentation of data more 
manageable the data is presented in five main sections of combined plots.  The sections 
are: 3.2  All-Metal Locknuts, 3.3  Nylon Locknuts, 3.4  Locknut Comparison, 3.5  
MS21044D4 Lubrication Comparison, and 3.6  NAS1021N4 Lubrication Comparison.  
Individual plots for each locknut are provided in Appendix D.  Each of these main 
sections is further separated into minor sections based on the preload the locknuts were 
subjected to; 3.#.1  Unseated, 3.#.2  66% Y Preload, 3.#.3  75% Y Preload, 3.#.4  85% Y 
Preload, and 3.#.5  Averaged Preload Comparison.  Each locknut’s plotted preload is the 
averaged data from Trials 2, 3, and 4 of their respective locknut.  To view the standard 
deviations and ranges of measurements for the averaged data see Appendix E.  Four 
trials with new fastener specimens for each trial at each preload were sampled.  With a 
95% confidence interval with the standard deviation values calculated from the tests 
performed, the sample size is reasonable for the testing; from a desired confidence 
interval and a known width, i.e. standard deviation.   
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3.2 All-Metal Locknuts 
This section presents the plotted data for the three all-metal type locknuts.  The 
all-metal type locknuts are MS21043-4, NAS1291-4, and NAS1805-4.  Each point in the 
plots represents the average of trials 2, 3, and 4 of each preload test.  Standard 
deviation calculations and spreads are provided in Appendix E. 
3.2.1 Unseated 
 
Figure 3-1: All-Metal Assembly Prevailing Torque; Unseated 
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Figure 3-2: All-Metal Removal Prevailing Torque; Unseated 
 
Figure 3-3: All-Metal Life; Unseated 
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3.2.2 66% Y Preload 
 
Figure 3-4: All-Metal Assembly Prevailing Torque; 66% Y Preload 
 
Figure 3-5: All-Metal Removal Prevailing Torque; 66% Y Preload 
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Figure 3-6: All-Metal Tightening Torque; 66% Y Preload 
 
Figure 3-7: All-Metal Breakloose Torque; 66% Y Preload 
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Figure 3-8: All-Metal Percent Difference; 66% Y Preload 
 
Figure 3-9: All-Metal Life; 66% Y Preload 
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3.2.3 75% Y Preload 
 
Figure 3-10: All-Metal Assembly Prevailing Torque; 75% Y Preload 
 
Figure 3-11: All-Metal Removal Prevailing Torque; 75% Y Preload 
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Figure 3-12: All-Metal Tightening Torque; 75% Y Preload 
 
Figure 3-13: All-Metal Breakloose Torque; 75% Y Preload 
0 5 10 15
120
140
160
180
200
220
240
260
280
300
320
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
MS21043-4
NAS1291-4
NAS1805-4
0 5 10 15
100
150
200
250
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
MS21043-4
NAS1291-4
NAS1805-4
29 
 
 
Figure 3-14: All-Metal Percent Difference; 75% Y Preload 
 
Figure 3-15: All-Metal Life; 75% Y Preload 
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3.2.4 85% Y Preload 
 
Figure 3-16: All-Metal Assembly Prevailing Torque; 85% Y Preload 
 
Figure 3-17: All-Metal Removal Prevailing Torque; 85% Y Preload 
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Figure 3-18: All-Metal Tightening Torque; 85% Y Preload 
 
Figure 3-19: All-Metal Breakloose Torque; 85% Y Preload 
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Figure 3-20: All-Metal Percent Difference; 85% Y Preload 
 
Figure 3-21: All-Metal Life; 85% Y Preload 
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3.2.5 Averaged Preload Comparison 
 
Figure 3-22: All-Metal Assembly Prevailing Torque; Averaged 
 
Figure 3-23: All-Metal Removal Prevailing Torque; Averaged 
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Figure 3-24: All-Metal Tightening Torque; Averaged 
 
Figure 3-25: All-Metal Breakloose Torque; Averaged 
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Figure 3-26: All-Metal Percent Difference; Averaged 
 
Figure 3-27: All-Metal Life; Averaged 
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Figure 3-28: All-Metal Percent Decrease; Averaged 
 
3.3 Nylon Locknuts 
This section contains the plots for the four nylon insert locknuts.  Those locknuts 
are MS17825-4, MS21044D4, NAS1021N4, and Grade 8.  Each point in the plots 
represents the average of trials 2, 3, and 4 of each preload test.  Standard deviation 
calculations and spreads are provided in Appendix E. 
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3.3.1 Unseated 
 
Figure 3-29: Nylon Assembly Prevailing Torque; Unseated 
 
Figure 3-30: Nylon Removal Prevailing Torque; Unseated 
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Figure 3-31: Nylon Life; Unseated 
3.3.2 66% Y Preload 
 
Figure 3-32: Nylon Assembly Prevailing Torque; 66% Y Preload 
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Figure 3-33: Nylon Removal Prevailing Torque; 66% Y Preload 
 
Figure 3-34: Nylon Tightening Torque; 66% Y Preload 
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Figure 3-35: Nylon Breakloose Torque; 66% Y Preload 
 
Figure 3-36: Nylon Percent Difference; 66% Y Preload 
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Figure 3-37: Nylon Life; 66% Y Preload 
3.3.3 75% Y Preload 
 
Figure 3-38: Nylon Assembly Prevailing Torque; 75% Y Preload 
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Figure 3-39: Nylon Removal Prevailing Torque; 75% Y Preload 
 
Figure 3-40: Nylon Tightening Torque; 75% Y Preload 
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Figure 3-41: Nylon Breakloose Torque; 75% Y Preload 
 
 
Figure 3-42: Nylon Percent Difference; 75% Y Preload 
0 5 10 15
100
150
200
250
300
350
400
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
MS17825-4
MS21044D4
NAS1021N4
Grade 8
0 5 10 15
-60%
-50%
-40%
-30%
-20%
-10%
  0%
 10%
Pe
rc
e
n
t D
iff
e
re
n
ce
Cycle
 
 
MS17825-4
MS21044D4
NAS1021N4
Grade 8
44 
 
 
Figure 3-43: Nylon Life; 75% Y Preload 
3.3.4 85% Y Preload 
 
Figure 3-44: Nylon Assembly Prevailing Torque; 85% Y Preload 
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Figure 3-45: Nylon Removal Prevailing Torque; 85% Y Preload 
 
Figure 3-46: Nylon Tightening Torque; 85% Y Preload 
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Figure 3-47: Nylon Breakloose Torque; 85% Y Preload 
 
 
Figure 3-48: Nylon Percent Difference; 85% Y Preload 
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Figure 3-49: Nylon Life; 85% Y Preload 
3.3.5 Averaged Preload Comparison 
 
Figure 3-50: Nylon Assembly Prevailing Torque; Averaged 
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Figure 3-51: Nylon Removal Prevailing Torque; Averaged 
 
Figure 3-52: Nylon Tightening Torque; Averaged 
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Figure 3-53: Nylon Breakloose Torque; Averaged 
 
 
Figure 3-54: Nylon Percent Difference; Averaged 
0 5 10 15
100
150
200
250
300
350
400
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
MS17825-4
MS21044D4
NAS1021N4
Grade 8
0 5 10 15
-60%
-50%
-40%
-30%
-20%
-10%
  0%
 10%
Pe
rc
e
n
t D
iff
e
re
n
ce
Cycle
 
 
MS17825-4
MS21044D4
NAS1021N4
Grade 8
50 
 
 
Figure 3-55: Nylon Life; Averaged 
 
 
Figure 3-56: Nylon Percent Decrease; Averaged 
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3.4 Locknut Comparison 
This section contains plots comparing all seven locknuts together, locknuts: 
MS21043-4, NAS1291-4, NAS1805-4, MS17825-4, MS21044D4, NAS1021N4, and Grade 
8.  Each point in the plots represents the average of trials 2, 3, and 4 of each preload 
test.  Standard deviation calculations and spreads are provided in Appendix E. 
3.4.1 Unseated 
 
Figure 3-57: Assembly Prevailing Torque; Unseated 
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Figure 3-58: Removal Prevailing Torque; Unseated 
 
Figure 3-59: Life; Unseated 
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3.4.2 66% Y Preload 
 
Figure 3-60: Assembly Prevailing Torque; 66% Y Preload 
 
Figure 3-61: Removal Prevailing Torque; 66% Y Preload 
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Figure 3-62: Tightening Torque; 66% Y Preload 
 
 
Figure 3-63: Breakloose Torque; 66% Y Preload 
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Figure 3-64: Percent Difference; 66% Y Preload 
 
Figure 3-65: Life; 66% Y Preload 
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3.4.3 75% Y Preload 
 
Figure 3-66: Assembly Prevailing Torque; 75% Y Preload 
 
Figure 3-67: Removal Prevailing Torque; 75% Y Preload 
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Figure 3-68: Tightening Torque; 75% Y Preload 
 
Figure 3-69: Breakloose Torque; 75% Y Preload 
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Figure 3-70: Percent Difference; 75% Y Preload 
 
Figure 3-71: Life; 75% Y Preload 
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3.4.4 85% Y Preload 
 
Figure 3-72: Assembly Prevailing Torque; 85% Y Preload 
 
Figure 3-73: Removal Prevailing Torque; 85% Y Preload 
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Figure 3-74: Tightening Torque; 85% Y Preload 
 
Figure 3-75: Breakloose Torque; 85% Y Preload 
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Figure 3-76: Percent Difference; 85% Y Preload 
 
Figure 3-77: Life; 85% Y Preload 
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3.4.5 Averaged Preload Comparison 
 
Figure 3-78: Assembly Prevailing Locknut; Averaged 
 
Figure 3-79: Removal Prevailing Locknut; Averaged 
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Figure 3-80: Tightening Torque Locknut; Averaged 
 
Figure 3-81: Breakloose Torque Locknut; Averaged 
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Figure 3-82: Percent Difference Locknut; Averaged 
 
Figure 3-83: Life Locknut; Averaged 
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Figure 3-84: Percent Decrease Locknut; Averaged 
 
3.5 MS21044D4 and NAS1021N4 Lubrication Comparison 
Original tests performed with MS21044D4 and NAS2021N4 utilizing Castrol 
Braycote 601 EF lubrication, commonly used in aerospace applications.  During testing it 
is noticed that the performance of the locknuts are lower than expected, so the tests 
are performed again without this lubrication.  The tests without lubrication perform 
within the standard’s requirements.  This section includes figures of plotted data for 
MS21044D4 and NAS1021N4 without lubrication, as plotted previously, compared with 
plotted data with Braycote lubrication applied to the locknuts.  Only figures showing the 
averaged preload comparison are provided in this chapter, figures with 66% Y, 75% Y, 
and 85% Y preload levels are available in Appendix D.7 and Appendix D.10.   
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3.5.1 MS21044D4 Averaged Preload Comparison 
 
Figure 3-85: MS21044D4 Lubrication Comparison Assembly Prevailing; Averaged 
 
Figure 3-86: MS21044D4 Lubrication Comparison Removal Prevailing; Averaged 
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Figure 3-87: MS21044D4 Lubrication Comparison Percent Difference; Averaged 
 
Figure 3-88: MS21044D4 Lubrication Comparison; Life Averaged 
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3.5.2 NAS1021N4 Averaged Preload Comparison 
 
Figure 3-89:  NAS1021N4 Lubrication Comparison Assembly Prevailing; Averaged 
 
Figure 3-90: NAS1021N4 Lubrication Comparison Removal Prevailing; Averaged 
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Figure 3-91: NAS1021N4 Lubrication Comparison Percent Difference; Averaged 
 
 
Figure 3-92: NAS1021N4 Lubrication Comparison Life; Averaged 
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4 Analysis and Discussion of Data 
4.1 Overview 
This chapter provides a detailed analysis and discussion of the data present in 
the previous chapter.  Due to the large amount of data generated during the testing the 
analysis and discussion of the data is broken up into four sections in the order as the 
data was presented in the previous chapter.  The sections are 4.2 Summary Tables, 4.3 
All-Metal Locknuts, 4.4 Nylon Locknuts, 4.5 Locknut Comparison, 4.6 Nylon Locknut 
Lubrication Comparison, and 4.7 Torque Friction Equation.  The locking feature type 
sections are further divided into sections describing the data plotted.  Those sections 
are Assembly Prevailing Torque, Removal Prevailing Torque, Tightening Torque, 
Breakloose Torque, Percent Difference, and Reuse Life.  Details of the individual 
locknuts without comparative description are provided in Appendix I.   
For all locknuts and across all preloads the Assembly Prevailing Torque trend is a 
noticeable initial decrease between the first and second cycle, and then a slowly 
decreasing trend for the remainder of the trial.  The only notable exception is NAS1805-
4, where it increases rapidly and then decreases substantially over the course of the 
trial.  This is possibly due to the locknut and test bolt both being A-286 steel, and galling 
may be occurring.  The overall trends for the Removal Prevailing Torque were very 
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similar to the trends for Assembly Prevailing, including for NAS1805-4.  Tightening and 
Breakloose Torque for all aerospace grade locknuts steadily increase throughout the 
trial.  The torques for the non-aerospace locknut, Grade 8, remain fairly constant for all 
cycles.  The trends for percent difference differ between the locknuts.  For all-metal 
locknuts MS21043-4 and NAS1291-4 and also nylon insert locknuts MS17825-4 and 
Grade 8 the overall trend is there is a large increase between the first and second cycles; 
followed by a plateauing of the values.  Locknuts MS21044D4 and NAS1021N4 both 
indicate a fairly constant trend with minor oscillation through the trials.  NAS1805-4 
does not establish an overall trend; its values are erratic and unpredictable.   
The reuse life for locknuts MS21043-4 and NAS1291-4 decreases as the applied 
preload level increases.  For NAS1805-4 the trend is reversed, as preload increases as 
does its life.  MS17825-4’s life also decreases as preload increases, but except that life 
for 75% Y preload is lower than 85% Y preload.  Nylon insert locknuts MS21044D4, 
NAS1021N4, and Grade 8 perform well regardless of preload.  All three locknuts survive 
all 15 cycles for all preload levels, except MS21044D4 survives an average of 13.667 
cycles at 85% Y preload.   
The percent decrease of Assembly Prevailing Torque between cycles one and 
two shows no trends with respect to aerospace verses non-aerospace, all-metal verses 
nylon insert, etc.  NAS1291-4, MS17825-4, and Grade 8 all have above a 20% decrease 
between the two cycles.  MS21044D4 and NAS1021N4 both indicate above a 10% 
difference.  MS21043-4 has a difference of about 7.5%, and NAS1805-4 about 1%. 
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4.2 Summary Tables 
This section contains several summary tables of the locknuts.  The data is 
presented in these tables to provide summary of results of the locknut’s testing for all 
preloads.  The separate summary tables are presented: locknut behavior, locknut life, 
and locknut damage.   
The locknut behavior table, Table 4-1, is more general in nature than Tables 4-2 
and 4-3, some of which is covered in more detail in the other tables.  This table lists the 
assembly prevailing, removal prevailing, and assembly prevailing verification torques 
along with the trends for the tightening, Breakloose, and percent difference between 
the assembly and removal prevailing torques of a respective cycle.  Also included in the 
locknut behavior table is the number of cycles the locknut survived, particles/filings 
present, and damage to locknut and bolt.   
Locknut life table, Table 4-2, covers the life of the locknut in greater detail than 
the locknut behavior table provided.   In this table the average number of cycles a 
locknut survived is presented.  Also included are the median, maximum, and minimum 
number cycles the locknut survived. 
The locknut damage table, Table 4-3, lists damage the locknuts, bolts, and 
washers sustained during testing.  Items considered are: test bolt threads and shaft; 
locknut 6/12 points, threads, coating, exterior plating, and locking feature; test washer 
surface damage; and if any particles or chips were created during testing. 
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Table 4-1: Locknut Summary Table 
 
Locknut Preload %
Assembly 
Prevailing 
Torque 
Trend
Removal 
Prevailing 
Torque 
Trend
Assembly 
Prevailing 
Verification 
Torque Trend
Tightening 
Torque Trend
Breakloose Torque 
Trend
Percent 
Difference 
Trend
Number 
of Cycles 
Locknut 
Survived
Damage* 
to Locknut
Damage* 
to Bolt
Particles/
Filings 
Present
66% -18.63% 9.26% -20.00% Steady -> (+) Steady -> (+) -40.43% 14.66667 St & Ct No Yes
75% -13.54% 25.64% -21.43% Steady -> (+) Steady -> (+) -34.65% 13.33333 St & Ct No Yes
85% 8.57% 28.33% -9.09% Steady -> (+) Steady -> (+) -18.46% 11.66667 St & Ct No Yes
66% -24.41% -19.54% 0.00% (+) (+) -20.03% 15 St, Ct No Yes
75% -18.56% -8.06% -7.14% (+) -> Steady (+) -> Steady -66.27% 15 St, Ct No Yes
85% -23.00% -15.20% -5.00% (+) (+) -> Steady -68.02% 13.75 St, Ct No Yes
66% -7.36% 17.11% 19.35% (+) (+) -44.92% 12.66667 Ct, Sf DL Yes
75% 6.36% 14.46% 72.00% (+) (+) -20.97% 12.66667 Ct, Sf DL Yes
85% -1.68% 22.86% -9.09% (+) (+) -36.52% 13 Ct, Sf DL Yes
66% -30.34% -10.17% -11.54% (+) -> (±) (+) -56.46% 12 St & Ct No No
75% -33.00% -12.07% -18.75% (+) -> (±) (+) -> (-) -> Steady -43.47% 9 St & Ct No No
85% -36.21% -18.46% -15.38% (+) -> Steady -> (-) (+) -> (-) -> (+) -35.60% 11.33333 St & Ct No No
66% -8.57% -14.47% -13.95% (+) -> Steady (+) -> Steady 8.49% 15 C, DL, Ct, Sn No No
75% -15.00% -12.86% -4.88% (+) -> Steady (+) -> Steady -1.00% 15 C, DL, Ct, Sn No No
85% -14.39% -18.84% -13.58% (+) (+) -> Steady 4.59% 13.66667 C, DL, Ct, Sn No No
66% -10.94% -21.47% -5.13% (-) -> Steady (-) -> Steady 22.27% 15 DL, Ct, Sn No No
75% -13.71% -12.31% -21.43% Steady -> (-) Steady -> (-) -2.04% 15 DL, Ct, Sn No No
85% -6.14% -18.06% -11.90% (-) (-) 21.40% 15 DL, Ct, Sn No No
66% -42.42% 2.94% -35.00% (±) Steady -84.66% 15 DL, Sn No No
75% -27.27% -1.11% 0.00% (±) -> Steady (+) -> (-) -76.43% 15 DL, Sn No No
85% -28.57% -4.08% 20.00% Steady Steady -81.20% 15 DL, Sn No No
* All damage determined through inspection by unassisted eyes
All Values are averages/estimates over Trials 2,3, and 4 performed
All Prevailing Torque values are for difference between Cycle 1 and 2 only
Assembly Prevailing Verification Torque Trend data from Trial 1
Standard (St) : Normal wear
(+) Increasing Cone (C) : Locking feature created a conical deformation (/ \)
(-) Decreasing Delamination (DL): Delamination resulting in chips of material (from Bolt or Locking Feature)
(±) Oscillating Coating (Ct) : Locknut's thread's coating was damaged
Steady Values Leveled Off Scuffing (Sf) : Scuffing occurred(metal transfer from Bolt to Locking Feature)
 -> Then Scoring (Sn) : Scoring of nylon locking feature
NAS1805
NAS1291 
MS21043
Grade 8
MS17825
MS21044D4
NAS1021N4
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Table 4-2: Locknut Life Summary 
Locknut Preload % 
Average 
Number 
of Cycles 
Locknut 
Survived 
Minimum 
Number 
of Cycles 
Locknut 
Survived 
Maximum 
Number of 
Cycles 
Locknut 
Survived 
Median 
Number of 
Cycles 
Locknut 
Survived 
 
MS21043 
66% Y 12.00 4 15 14.5 
75% Y 10.75 3 15 12.5 
85% Y 12.00 5 15 14 
NAS1291 
66% Y 15.00 15 15 15   
75% Y 15.00 15 15 15   
85% Y 13.75 11 15 14.5   
NAS1805 
66% Y 11.75 9 14 12 
75% Y 11.50 8 14 12 
85% Y 11.50 7 15 12 
MS17825 
66% Y 12.75 11 15 12.5   
75% Y 10.50 5 15 11   
85% Y 10.25 4 15 11   
MS21044D4 
66% Y 15.00 15 15 15   
75% Y 15.00 15 15 15   
85% Y 14.00 11 15 15   
NAS1021N4 
66% Y 15.00 15 15 15 
75% Y 15.00 15 15 15 
85% Y 15.00 15 15 15 
Grade 8 
66% Y 15.00 15 15 15   
75% Y 15.00 15 15 15   
85% Y 15.00 15 15 15   
Locknut fails when prevailing torque value exceeds the         
range 3.5 - 30 in-lb 
All Values are averages over all trials performed 
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Table 4-3: Locknut Damage Table 
 
Locknut Preload %
Bolt 
Threads 
Damage*
Bolt 
Shaft 
Damage*
Locknut 
6/12 
Points 
Damage*
Locknut 
Threads 
Damage*
Locknut 
Thread 
Coating 
Damage*
Locknut 
Exterior 
Plating 
Damage*
Locknut 
Locking 
Feature 
Damage*
Washer 
Damage*
Particles 
Present 
Damage*
66% No No Mw No w B & P wm nw Yes
75% No No Mw No w B & P wm nw Yes
85% No No Mw No w B & P wm nw Yes
66% No No No No Sw B & P wm minw No
75% No No No No Sw B & P wm nw No
85% No No Mw No Sw B & P wm nw Yes
66% w No No No Sw B wm & Sf nw Yes
75% w No Mw No Sw B & P wm & Sf nw Yes
85% w No Mw No Sw B & P wm & Sf nw Yes
66% No No No No Sw B & P Sn & DL minw No
75% No No No No Sw B & P Sn & DL minw No
85% No No No No Sw B & P Sn & DL nw No
66% No No No No Sw S Sn, DL, & C minw Yes
75% No No No No Sw S Sn, DL, & C minw Yes
85% No No No No Sw S Sn, DL, & C nw Yes
66% No No No No Sw B, P, & S Sn & DL minw Yes
75% No No No No Sw B & P Sn & DL minw Yes
85% No No No No Sw B & P Sn & DL nw Yes
66% No No No No Mw P Sn nw No
75% No No No No Mw P Sn majw No
85% No No No No Mw P Sn majw No
* All damage determined through inspection by unassisted eyes, across all trials
S -> Sides
No -> Nothing noticable B -> Bottom minw -> minor wear (almost unnotiable)
P -> Points (6/12) nw -> noticable wear (clearly seen, average wear)
Sw -> Severe wear Sn -> Scoring of nylon majw -> major wear (significant)
w -> wear DL -> Delaminatin of nylon wm ->  wear of metal locking feature
Mw -> mild wear C -> Conical (/ \) shape created in nylon Sf - > Scuffing (metal transfer)
Grade 8
MS17825
MS21043
MS21044D4
NAS1021N4
NAS1291
NAS1805
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4.3 All-Metal Locknuts 
4.3.1 Overview 
This section describes Figures 3-1 to 3-28 of the All-Metal type locknuts for all 
preload values.  The all-metal locknuts are MS21043-4, NAS1291-4, and NAS1805-4.  
The sections describe the measured torque data for all preload levels together.   
4.3.2 Assembly Prevailing Torque 
The plots described in this section are Figures 3-1, 3-4, 3-10, 3-16, and 3-22.  The 
Assembly Prevailing Torque indicates similar trends for all three locknuts throughout 
testing unseated, 66% Y Preload, and 75% Y Preload.   During unseated 66% Y preload 
testing, MS2104304 and NAS1291-4 values decrease for the first three cycles then level 
off for the remaining cycles of the trials.  The decrease is minor for both, remaining well 
above the minimum torque value of 3.5 in-lbs.  It seems unseated and 66% Y preload 
only cause mild damage to the locking feature for the first three cycles and then any 
further damage is negligible.  The trends for unseated and 66% Y preload are very 
similar to the trend for 75% Y preload for MS21043-4 and NAS1291-4.  At 75% Y the 
decrease in torque occurs for the first five cycles, and then levels off above the required 
3.5 in-lb. 
With a preload of 85% Y, there is more scatter in prevailing torque.  MS21043-4 
at first experiences a minor increase in torque between cycles one and two, then 
decrease for cycles 3 and 4 where the torque levels offs.  After cycle 7, the torque 
begins to increase until cycle ten where it plateaus for the remaining cycles.  This erratic 
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trend may be due to locking feature damage  or particles contaminated the threads 
resulting in increased friction in the later cycles.  NAS1291-4 behaved similar as previous 
preloads except the torque decrease was significantly larger for the 85% Y preload.   
NAS1805-4 trends and behaviors indicate major differences for each of the 
loadings subjected to the locknut.  In unseated testing, the torque rose for the first 5 
cycles and then decreases very rapidly for the next 5 cycles, losing about 80% of 
measured torque.  After the substantial decrease, the torque measurements stabilized.  
This behavior seems to be caused by the locknut damaging the test bolt’s threads.  
Initially the damage cases increased friction, and then the threads are damaged to the 
point where they can no longer maintain substantial torque.  The Rockwell C Scale rating 
for NAS1805-4 is 49, where the test bolt’s rating was much lower at 32.  This large 
difference in hardness of the metals of the locknut and test bolt possibly leads to the 
damage sustained by the bolt.  It appears to be that the bolt damage caused thread 
interference.   Initially the chips, from the test bolt threads, created by the locknut by 
damaging the bolt could be contaminating the threads causing increased friction and 
ultimately higher torque measurements.  The substantial decrease appears to be caused 
by the continued removal of the test bolt’s threads leaving little left to sustain torque 
measurement levels.  Also since both the test bolt and locknut are A-286 steel galling 
occurred. 
At 66% Y preload locknut NAS1805-4 torque values are stable for the first 5 
cycles.  Between cycle 5 and cycle 6 a large increase in torque occurs.  After cycle 6 the 
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torque decreases very rapidly until cycle 14 where it levels off.  This behavior is also 
likely due to the test bolt damage as it was for the unseated testing.  For the preload of 
75% Y, the behavior is similar to that of the 66% Y preload testing.  The torque is 
constant for the first 6 cycles, increases for one cycle then rapidly decreases.  This 
continues until cycle ten, when the decrease slows considerably but the torque level is 
maintained for the remainder of the trial.  The behavior at 85% Y preload starts off with 
a mild decreasing trend for eight cycles, then decreases significantly(losing almost half 
its torque quality) during cycles eight through ten.  After cycle ten the decrease in 
torque lessens to a slower rate for the remaining of the trial with a minor increase at 
cycle 13.  The damage the locknut subjects to the test bolt seems to be the primary 
driver to the initial increases in torque then the rapid decreases after the first several 
cycles.   
4.3.3 Removal Prevailing Torque 
The plots described in this section are Figures 3-2, 3-5, 3-11, 3-17, and 3-23.  The 
Removal Prevailing Torque indicates similar behavior for the three locknuts across all 
preload variations.  Changes in torque for MS21043-4 are fairly comparable throughout 
all four preloads.  The torque measurements do not vary any great deal through a trial.   
Torque measurements are constant, only oscillating a minor amount during each cycle 
by less than 10%.  As the preloads increase the oscillations in the previous preload 
become more exaggerated.  The trends are more or less the same, simply the 
magnitude of the variations occurring increase.  This increase in the magnitude remains 
relatively small, never growing larger than 25%.  
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NAS1291-4 indicates a constant torque for the unseated and 66% Y preload 
testing.  The torque decreases only slightly between the first and second cycle then 
levels off for the remainder of the trial.   For 75% Y preload indicates a slow decreasing 
torque throughout the trial, losing about 45% of the original torque measurement from 
cycle one to fifteen.  At 85% Y preload, the torque decreases between the first and 
second cycle and levels off, matching the trends for the unseated and 66% Y preloads 
until cycle 11.  The torque decreases noticeably between cycle 11 and 12, and fluctuates 
for the remainder of the trial.   
NAS1805-4 shows the most resemblance between preload levels.  Each plot has 
a slight increasing trend for the first few cycles, and then a significant increase occurs for 
the next two to four cycles.  After the large increase a very significant decrease occurs 
through about the next ten cycles, causing the loss of around 70% of its peak torque 
value.  The last few cycles either level off or decrease at a substantially slower rate.  As 
mentioned in the discussion of the Assembly Prevailing Torque, this large increase then 
significant decrease in torque is likely due to the locknut damaging the test bolt.   
4.3.4 Tightening Torque 
The plots described in this section are Figures 3-6, 3-12, 3-18, and 3-24.  
Tightening Torque for all three locknuts is very similar not only throughout each preload 
level, but also with each other.  Each locknut’s torque during tightening slowly increase 
line.  The slope is near parallel for each locknut with respect to each other over all the 
preload levels.  During 66% Y preload locknuts MS21043-4 and NAS1805-4 experienced 
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a sudden increase at cycle 5 and cycles 11 and 12 respectively.  After the increase at the 
mentioned cycles, the tightening torque returned to its previous trend.  The tightening 
torque increasing slowly over the trials is to be expected.  As the locknut experiences 
reuse the threads of both the locknut and test bolt experience wear, caused by the 
presence of particles after each cycle.  Also the lubrication from the locknuts is worn 
away.  Both these factors are increasing the friction between the locknut and the test 
bolt, causing the increase in torque required to achieve a desired preload. 
4.3.5 Breakloose Torque 
The plots described in this section are Figures 3-7, 3-13, 3-19, and 3-25.  The 
Breakloose Torque for each locknut is analogous to each other as well as each preload.  
These trends are also very similar to the trends indicated in the Tightening Torque.  The 
Breakloose Torque follows a slowly increasing path for the entirety of the trial.  There is 
more oscillation in the torque for Breakloose than Tightening, though it is minimal.  This 
is possibly due to the increase static friction the locknut experiences under preload.  As 
in the Tightening Torque NAS1805-4 has a sudden increase in torque at cycle 11 and 
then returns to the established trend.  MS21043-4 Breakloose Torque increased 
significantly between cycles 1 and 2.  It also has an increase at cycle 5 as it did with the 
Tightening Torque, though the magnitude is far less.   
4.3.6 Percent Difference 
The plots described in this section are Figures 3-8, 3-14, 3-20, and 3-26.  Plots of 
the percent difference between the assembly prevailing and removal prevailing torques 
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is not always easy to interpret.  Some locknuts percent difference simply has too much 
fluctuation to be of much use.  The percent difference for NAS1805-4 is particularly 
noisy for all preloads.  The fluctuations of the percentage make it difficult to pull any 
useful information from the plot.  On the other hand, the percent difference plots for 
MS21043-4 and NAS1291-4 are stable enough to interpret.   
For MS21043-4 the percentage difference between the assembly and removal 
prevailing torques loitered around -20 to -30% for 66% Y preload and around -30 to -
40% for 75% Y and 85% Y preloads.  This indicates that the removal prevailing torque 
was most often proportionally 20-40% less than the assembly prevailing torque.   The 
percent difference for NAS1291-4 remained around -20% for 66% Y preload and -10% 
for 75% Y and 85% Y preloads; indicating that the removal prevailing torque was 
generally 10 to 20% less than the assembly prevailing torque.   
4.3.7 Reuse Life 
The plots described in this section are Figures 3-3, 3-9, 3-15, 3-21, and 3-27.  The 
unseated tested life for locknuts MS21043-4 and NAS1291-4 is 15 cycles as set by their 
respective standards.  The life for NAS1805-4 is only 8 cycles; this is far below the 
minimum of 15 cycles for unseated life.  The failures occurred either due to the 
prevailing torque increasing beyond the maximum of 30 in-lb or decreasing below the 
minimum of 3.5 in-lb.  Inspection of the locknut and test bolt indicates the failure seems 
to be occurring in the test bolt and not in the locknut’s locking feature itself.  As 
mentioned previously the hardness of the locknut is significantly larger than that of the 
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test bolt.  This is likely causing the locknut to damage the test bolt’s threads beyond the 
point of maintaining preload within ranges set by the standards.   
As the preload increased the life of locknuts MS21043-4 and NAS1291-4 
decreased.    This behavior is to be expected due the increase in force applied causing 
further damage to the locking feature and limiting its ability to maintain preload.  
Interestingly, as preload increased, the life for NAS1805-4 also increased.  The increase 
is marginal between the seated trials, but much more pronounced when comparing the 
unseated life verses the seated.  The seated locknuts survived on average an additional 
4.7 cycles longer than the unseated locknuts.  This could be due to the increased 
preload causes the thread’s surface to smooth during damage, while under lower 
preloads any containment in the threads could have increase the roughness of the 
thread’s surface. 
4.4 Nylon Locknuts 
4.4.1 Assembly Prevailing Torque 
The plots described in this section are Figures 3-29, 3-32, 3-38, 3-44, and 3-50.  
The Assembly Prevailing Torque for the four nylon insert locknuts all follow a similar 
path.  The trend is also maintained through each preload level.  There is a noticeable 
decrease in the torque between the first and second cycle, then the torque is a slower 
decreasing slope through the remaining cycles.  The decrease in torque between the 
first and second cycle increases as the preload increases.  Other than this magnitude the 
prevailing torque remains fairly constant with regards to locknut and preload.  Locknuts 
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MS17825-4 and Grade 8 torques have a very slight decreasing slope after cycle 2.  The 
torque measurements do not decrease by a significant amount after the initial decrease 
between cycle one and two.  For locknuts MS21044D4 and NAS1021N4 the decreasing 
slope is more pronounced, but also not very substantial.   
4.4.2 Removal Prevailing Torque 
The plots described in this section are Figures 3-30, 3-33, 3-39, 3-45, and 3-51.  
The Removal Prevailing Torque indicates noticeable differences between the locknuts.  
The torque for MS21044D4 and NAS1021N4 indicate a decrease in the first two cycles.  
In the following cycles, torque oscillates within an overall decreasing trend.  This 
decrease occurs at a slow rate, falling by around 25% over 13 cycles.  During 85% Y 
preload testing there is a sudden large increase in torque at cycle 15 for NAS1021N4, an 
increase of more than 100%.  It is likely due to particles or some contaminate in the 
threads causing the increase in torque.  For locknuts MS17825-4 and Grade 8, their 
trends resemble their trends in the Assembly Prevailing Torque.  There is a noticeable 
decrease between cycle 1 and 2, then the decrease for the remainder of the trial is very 
slow.  The torque does not reduce more than 15% for the last 14 cycles. 
4.4.3 Tightening Torque 
The plots described in this section are Figures 3-34, 3-40, 3-46, and 3-52.  The 
Tightening Torque differs noticeably between each locknut, but remains fairly constant 
between preload levels.  MS17825-4’s torque measurement increases quickly for the 
first 5 cycles and then plateaus for the remainder of the trial, with some minor 
84 
 
oscillation.  During 85% Y preload there is a significant decrease in torque at cycle 12, 
and the torque does not reestablish torque value it held prior to the decrease.  For 
MS21044D4, the tightening torque behaves similar to MS17825-4’s tightening torque.  
The torque increases for the first five cycles and plateaus for the remaining cycles.  At 
75% Y preload, the torque values oscillate noticeably during the constant state after 
cycle 5.  During 85% Y preload, the torque decreases between cycle 6 and 10 then 
increases back to the level it was at cycle five between cycles 10 and 13, this results in a 
small valley in the plot.  NAS1021N4 indicates a significant increase through the first 9 
cycles.  This increase the torque gains around 150% during those cycles.  The remaining 
cycles oscillate around a constant torque value.  Torque for the Grade 8 locknut is 
steady through the entire trial.  There is some minor oscillation, but overall the torque 
remains fairly constant for all 15 cycles. 
4.4.4 Breakloose Torque 
The plots described in this section are Figures 3-35, 3-41, 3-47, and 3-53.  The 
Breakloose Torque for the locknuts indicate a very similar to the Tightening Torque 
previously exhibited.  At 66% Y preload MS17825-4’s torque increases for the first 5 
cycles and plateaus until cycle 15 where the torque increases significantly.  The increase 
at cycle 15 could be due to contaminants in the threads increasing the friction.  For 75% 
Y and 85% Y preloads the torque increases for the first 5 cycles like in 66% Y preload and 
the tightening torque, but at cycle 7 (75% Y preload) and 6 (85% Y preload) the torque 
decreases substantially.   The decrease in torque is about 40% of the peak value over the 
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next few cycles.  During 85% Y preload the torque indicates a sharp increase at cycle 12, 
almost regaining all the lost torque from the decrease by cycle 15.   
The other three locknuts all perform analogous to their Tightening Torque.  
MS21044D4’s torque increases for the first 9 cycles and then plateaus, with some 
oscillation.  NAS1021N4’s torque increases for the first 5 cycles and then levels off for 
the remainder of the trial.  During both 75% Y and 85% Y preloads there is a moderate 
decrease in the torque after the peak value is achieved.  This decrease lasts for only 5 
cycles and then levels off for the remaining cycles.  Grade 8 shows a stable torque with 
slight oscillation.  In 75% Y preload the torque increases for the first 3 cycles then 
decreases at cycle 4, from cycle 5 to 15 the torque is fairly constant with only minor 
oscillation. 
4.4.5 Percent Difference 
The plots described in this section are Figures 3-36, 3-42, 3-48, and 3-54.  The 
percent difference for all 4 nylon insert locknuts provides very useable information.  For 
locknuts MS17825-4 and Grade 8 at preloads of 66% Y and 75% Y, their cycle 1 value 
was about -35% and -45%, respectively.  Then then by cycle 2 both had values around -
10%, and the percent difference would remain around -10% for the remainder of the 
trial.  This shows that, generally, the removal prevailing torque is 10% less than the 
assembly prevailing torque.  At 85% Y, MS17925-4 would increase and the value would 
plateau, and then increase again and plateau, this would happen for a total of three 
times.  Grade 8 at 85% Y percent difference increased like it did in 66% Y and 75% Y 
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preloads, but it increased to a range of 5% to 10% after cycle 5.  In this case, the removal 
prevailing torque is actually larger than the assembly prevailing torque.   
Both MS21044D4’s and NAS1021N4’s percent difference values mostly remained 
within the range of -40% and -55%.  The values of assembly prevailing and removal 
prevailing torque remained fairly proportional to one another throughout their trials.  
This trend could possibly lend itself to a direct verification test for the locknuts, if the 
assembly prevailing is know so is a fairly good estimate of the removal prevailing torque. 
4.4.6 Reuse Life 
The plots described in this section are Figures 3-31, 3-37, 3-43, 3-49, and 3-55.  
For the unseated testing all four nylon insert locknuts survived the standard 
NASM25027’s minimum requirements.  At 66% Y preload only MS17825-4 did not 
survive all 15 cycles, lasting 12.  Again at 75% Y preload it was only MS17825-4 that did 
not survive all fifteen cycles, this time only lasting 9 cycles.  For 85% Y preload MS17825-
4 averaged just over 11 cycles of life, MS21044D4 survived for about an average of 
13.667 cycles.  Both NAS1021N4 and Grade 8 locknuts survived all 15 cycles.  It should 
be noted that the non-aerospace locknut, Grade 8, and performed better life than two 
of the aerospace grade locknuts, MS17825-4 and MS21044D4. 
4.5 Locknut Comparison 
4.5.1 Assembly Prevailing Torque 
The plots described in this section are Figures 3-57, 3-60, 3-66, 3-72, and 3-78.  
By looking at the figures, there is a clear grouping of locknuts through all preload levels.  
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Two main groups of locknuts appear, plus one locknut, NAS1805-4, that falls well 
outside these two groups.  There is a lower and an upper group, beginning defined by 
their magnitude of torque respective of the other group.  The lower group includes two 
nylon insert locknuts MS17825-4 and Grade8.  The upper group contains all-metal 
locknuts MS21043-4 and NAS1291-4 and also nylon insert locknuts MS21044D4 and 
NAS1021N4.  NAS1805-4 starts out with a higher level of torque near the upper group 
and increases quickly to well above the upper group, but then decreases about half way 
through the trial to level out around the lower group.  During 75% Y preload MS21043-4 
switches from the upper group to the lower group, and then returns the upper group 
during 85% Y preload.   
4.5.2 Removal Prevailing Torque 
The plots described in this section are Figures 3-58, 3-61, 3-67, 3-73, and 3-79.  
For unseated and 66% Y preload the torque indicated is similar to the Assembly 
Prevailing Torque’s path.  Lower and upper groups exist with the same locknuts within 
each; also NAS1805-4 holds the same trend as in assembly prevailing.  For 75% Y 
preload there is only one grouping, including MS21043-4, MS21044D4, NAS1021N4, and 
Grade 8.  Torques for NAS1805-4, NAS1291-4, and MS17825-4 are dissimilar.  NAS1291-
4 is noticeably higher than the grouping, though it has a decreasing torque causing it to 
become closer and closer the group as the trial continues.  NAS1805-4 follows the same 
path as it has been previously, starting above the group then increasing quickly and 
ultimately decreasing rapidly by the middle of the trial.  MS17825-4 is only slightly 
below the grouping and remains almost parallel to the group.  For 85% Y no real 
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grouping occurs.  All the locknuts are dispersed similar to 75% Y but the differences for 
the outliers are much smaller.  
4.5.3 Tightening Torque 
The plots described in this section are Figures 3-62, 3-68, 3-74, and 3-80.  The 
locknuts all indicate a moderate increasing torque throughout the trial.  There is a fairly 
decent spread between the locknuts, and as such no clustering of groups occurs.  The 
locknuts for the most part remain in the same order of higher torque values with 
respect to each other.  From highest to lowest is: MS21044D4, NAS1021N4, MS21043-4, 
MS17825-4, NAS1291-4, NAS1805-4, and Grade 8.  While this order is not perfectly 
maintained throughout the trial, overall the locknuts remain in that order.  NAS1805-4 
and Grade 8 switch places in order, for the first 7 cycles Grade 8 is higher than NAS1805-
4, and for the last 7 cycles the opposite occurs.   
4.5.4 Breakloose Torque 
The plots described in this section are Figures 3-63, 3-69, 3-75, and 3-81.  The 
torque’s path established in the Tightening Torque also occurs in the Breakloose Torque.  
The only difference with the torque is for MS17825-4 at preloads of 75% Y and 85% Y.  
Half way through the trial it indicates a large decrease in torque, losing about 50% of its 
peak value and then leveling out for the remaining cycles.  This loss in torque could be 
due to the locking feature being worn out and not creating sufficient friction to 
continue.   
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4.5.5 Percent Difference 
The plots described in this section are Figures 3-64, 3-70, 3-76, and 3-82.  
Comparing the percent difference between the assembly and removal prevailing 
torques for all the locknuts together only offers limited usable information.  What does 
occur, occurs through all preloads.  NAS2191-4, MS17825-4, and Grade 8 all increase for 
the first three cycles and then plateau around -10%.  No usable information can be 
derived from NAS1805-4 plots.  MS21044D4 and NAS1021N4 both remain near constant 
around -50%, with only minor oscillation.  MS21043-4 increases for the first 3 cycles and 
plateaus for the next five cycles, by cycle 7 the values begin to diverge by preload.  For 
66% Y preload it increasing again and plateaus after three cycles for the remainder of 
the trial.  At 75% Y it slowly decreases for the remaining cycles, and for 85% Y it does not 
alter from the stable state it reached initially.   
4.5.6 Reuse Life 
The plots described in this section are Figures 3-59, 3-65, 3-71, 3-77, and 3-3.  
The life of each locknut decreases when the preload increases, as to be expected.  This 
however does not hold true for NAS1805-4.  As the preload increases, so does its life.  
This is possibly due to increased galling during higher preloads causing an increase in 
friction.  The nylon insert locknuts all outperform the all-metal locknuts.  This is possibly 
due to the nylon insert not damaging the test bolt as an all-metal locking feature would.  
Also the nylon tends to deform to the shape of the test bolt threads, and possibly 
allowing for increased surface area to maintain the friction needed to allow for the 
necessary prevailing torque.   
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4.6 Nylon Locknut Lubrication Comparison 
4.6.1 MS21044D4 
The plots described in this section are Figures 3-85, 3-86, 3-87, and 3-88.  During 
Assembly Prevailing Torque testing, the Braycote lubricated locknut has considerably 
less prevailing torque than the locknut without lubrication.  This is clearly due to the fact 
the Braycote lubrication is reducing the friction between the locknut and test bolt.  The 
Braycote measurements are generally between 50% and 70% lower than the non-
lubricated locknut measurements.  The prevailing torque for the Braycote locknut is 
dangerously near failure (below 3.5 in-lb) for much of the trial with around 4.25 in-lbs of 
prevailing torque.   
The results are not much different for Removal Prevailing Torque.  The primary 
difference is that the prevailing torque does fall below the minimum of 3.5 in-lb 
required by the standards at cycle 13.   
Both variations indicate intelligible percent difference results.  After cycle 1, the 
Braycote locknut difference jumps from about -50% to -10% and slowly decreases to 
about -25% during the trial.  This indicates the assembly and removal prevailing torque 
measurements are fairly close to one another, and with this a possible direct verification 
may be possible.  The locknut without lubrication remains around -50% for the entirety 
of the trial.  While the difference is predicable, it is significantly worse than that of the 
Braycote lubricated locknut.   
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The life for the non-lubricated locknut outperformed the life of the Braycote 
lubricated locknut.  While the life lost with the Braycote applied was only about 25% at 
maximum preload, it seems the better choice between the two is no lubrication. 
With the significant differences between the measurements without lubrication 
and with Braycote applied, a single trial at 85% Y preload is performed with another 
lubrication, 3-IN-ONE(Naphthenic Oil).  The results are very different than the other two 
tests.  The Assembly Prevailing Torque starts at around where it does for the Braycote 
locknut, but as the trial continues the prevailing torque does not decrease as quickly or 
as significantly.  This also occurs to the Removal Prevailing Torque.  Both the Tightening 
and Breakloose Torque measurements remain fairly constant throughout the trial, with 
no lubrication and Braycote locknuts the torques increased through the trial.  The life 
with 3-IN-ONE is also significant, surviving all 15 cycles.  The raw data is provided in 
MS21044D4 85% Y Preload Trial 5 in Appendix C.6.4 Table C-124. 
4.6.2 NAS1021N4 
The plots described in this section are Figures 3-89, 3-90, 3-91, and 3-92.  The 
torque for NAS1021N4 are near identical to those of MS21044D4.  The only significant 
difference between the trends of the two locknut varieties is the life.  The Braycote 
lubricated NAS1021N4 locknuts indicated substantially less life than the non-lubricated 
NAS1021N4 locknuts.  While the non-lubricated locknuts survived all 15 cycles for all 
preloads the Braycote lubricated locknuts only survived 3 cycles during unseated testing 
and an average of 2.33 cycles for 66% Y, 75% Y, and 85% Y preloads.  It is possible the 
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Braycote is somehow chemically damaging the nylon insert, though no such indications 
of incompatibilities were found in references.  It is also interesting the Braycote did not 
have as such a severe effect of the nylon of the MS21044D4 locknuts. 
Testing with 3-IN-ONE at 85% Y preload is performed with NAS1021N4 like it was 
on MS21044D4.  The locknut tested with 3-IN-ONE far outperformed the testing with 
Braycote.  The Assembly and Removal Prevailing Torques start out higher, decrease 
slower, and maintain a torque above the minimum of 3.5 in-lb.  The Tightening and 
Breakloose Torques decrease by about 20% between cycle one and two, and then level 
off for the remaining cycles.  The life with 3-IN-ONE significantly surpassed the life with 
Braycote.   Where the life at 85% Y for the Braycote testing averaged around 2.33 cycles, 
with 3-IN-ONE the locknut survived all 15 cycles.  The raw data is provided in 
NAS1021N4 85% Y Preload Trial 5 in Appendix C.8.4 Table C-167. 
4.6.3 MS17825-4 
MS17825-4 is also tested without lubrication as MS21044D4 and NAS1021N4.  
Initially applied with Braycote for 66% Y preload testing, Assembly Prevailing Torque is 
always below the minimum measurement of 3.5 in-lb.  Since this first value does not 
meet the minimum set forth by the standard no further testing is done with Braycote 
applied.  3-IN-ONE lubrication is used during a trial and the locknut is subjected to 85% Y 
preload.  The results are the locknut fails during the first cycle, but during the removal 
prevailing torque.  Even though it did not last an entire cycle, it did outlast the locknut 
lubricated with Braycote.   
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4.6.4 Grade 8 
Testing for Grade 8 is performed with Naphthenic Oil, 3-IN-ONE, for the main 
body of the thesis.  To compare with the other nylon locknuts it is also tested at 85% Y 
preload without lubrication and with Braycote applied.  Without lubrication applied all 
torque values are noticeably higher than with 3-IN-ONE applied.  Most importantly the 
Tightening and Breakloose Torques are significantly higher, by about 45%.  This was 
caused by the significant more friction between the threads of the locknut and test bolt.  
The test bolt fractured in two during the second cycle Tightening Torque.  Without 
lubrication the Grade 8 system has considerably less life.  This data can be seen in Grade 
8 85% Y Preload Trial 5 in Appendix C.9.6 Table C-191. 
Testing with Braycote provided interesting results.  The Assembly and Removal 
Prevailing Torques are both remarkably below those of the locknut lubricated with 3-IN-
ONE, by about 50%.  The Tightening and Breakloose Torques are noticeably larger with 
Braycote applied instead of the Naphthenic Oil, by an amount between 15% and 20% 
higher.  The locknut did survive all 15 cycles, though the IFI 100/107 standards only 
specify life up to 5 cycles.  The prevailing torque never dropped below the minimum of 
1.5 in-lb for cycle 5 through the trial.  This data can be seen in Grade 8 85% Y Preload 
Trial 6 in Appendix C.9.6 Table C-192. 
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4.7 Torque Friction Equation 
A torque friction equation described by Bickford [9] relates the torque applied to 
a nut to the friction and elastic reactions from the torque.   
    	
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where: 
Ton = torque applied to tighten nut (in-lb) 
Toff = torque applied to loosen nut (in-lb) 
Fp = preload in bolt (lb) 
P = thread pitch 
µt = coefficient of friction in thread surface 
µn = coefficient of friction in nut face 
rt = effective contact radii of thread surface (in) 
rn = effective contact radii of nut face (in) 
β = half-angle of thread tooth (usually 30°) 
Tp = prevailing torque (in-lb) 
The testing performed appears to add support to this equation.  The Tightening 
Torque and the Breakloose Torque both more often than not, seem to follow the same 
trends.  When the Tightening Torque increases or decreases the Breakloose Torque 
increase and decreases with it. The negatives in Toff are because Breakloose Torque is 
defined as positive.  The makeup of the torque is about 50% due to thread friction, 40% 
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due to other friction, and 10% due to bolt stretch.  Two examples of this are Figure 4-1 
and 4-2.  There is a percent difference between Tightening and Breakloose Torques of 
about 10%, which is expected since bolt stretch works against, increasing, Tightening 
Torque and with, reducing, Breakloose Torque. 
 
Figure 4-1: MS17825-4 Trial 3; 66% Y Preload, Tightening and Breakloose Comparison 
 
Figure 4-2: NAS1291-4 Trial 2; 75% Y Preload, Tightening and Breakloose Comparison 
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4.8 Summary Discussion 
All four nylon locknuts MS17825-4, MS21044D4, NAS1021N4, and Grade 8 
survived all 15 cycles during unseated and 66% Y preload tests.  Nylon locknuts 
MS21044D4, NAS1021N4, and Grade 8 also survive all 15 cycles at 75% Y preload.  
NAS1021N4 and Grade 8 are the only locknuts of the seven tested to survive all 15 
cycles at 85% Y preload.  Of the all-metal locknuts only MS21043-4 and NAS1291-4 
survive the required 15 cycles of unseated testing.  NAS1291-4 is the only all-metal 
locknut to survive 15 reuse cycles at 66% Y and 75% Y preload.  Not a single all-metal 
locknut survives 15 reuse cycles at 85% Y preload.  No locknut is destroyed in the first 
cycle. 
Torque-tension is a direct relationship between the two measurements.  In the 
tests in this thesis, with reuse an increase in torque is required for each reuse cycle to 
achieve a given preload on the locknut.  With many in industry using a torque 
measurement to apply a desired preload without directly measuring the preload; if a 
locknut is reused and a torque measurement utilized to apply a given preload, the 
preload actually applied to the locknut is less than the intended preload.  This effect 
worsens as the number of reuse cycles for the locknut increases, and could lead to a 
failure of the bolted system. 
Lubrication has a significant effect on the performance of the nylon locknuts.  It 
is likely to play an import role in the all-metal locknuts as well, but none were tested 
with lubrication other than what was applied by the manufacturer.  The locknuts with 
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no lubrication provided the best performance, followed by those applied with 
Naphthenic Oil, and the worst performers with respect to prevailing torque life were the 
locknuts with Braycote applied.  It is possible the nylon could be either absorbing or its 
surface retains the lubrication providing noticeably less friction, by extension less 
prevailing torque is achieved.  Another possibility, especially with the Braycote, could be 
a chemical incompatibility between the locknut’s nylon insert and the lubrication. 
Only the NAS1805-4 all-metal locknut performance does not meet the 
requirements set forth by the standard.  The standard states the locknut must remain 
above 3.5 in-lb and below 30 in-lb during 15 unseated cycles.  NAS1805 only survives an 
average 8 of the required 15 unseated cycles.  Most of the failures are due to the 
prevailing torque falling below the minimum 3.5 in-lb, but a few of the failures occur 
when the prevailing torque increases beyond the maximum 30 in-lb.  This was also the 
only locknut to indicate a failure by increasing above the maximum torque.  Also the 
reuse life for NAS1805 increases with the increase of preload.  This could be due to the 
galling between the locknut and test bolt.  It should be noted that the locking feature of 
NAS1805 itself does not seem to be damaged.  The test bolt sustained significant wear 
to its threads.  The threads which came into contact with the locking feature are worn 
away as reuse tests are performed, during testing straight continuous chips are created 
during removal of locknut.  It is the test bolt that failed, not the locknut, mostly likely 
due to galling from material compatibility issues. 
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For many trials, there is a noticeable difference in Assembly Prevailing Torque 
measurements between cycles one and two.  Each locknut indicates a different percent 
decrease.  Assembly Prevailing for MS21043-4 on average decreases 7.5% after one use.  
NAS1291-4 has a decrease of about an average of 22% after a single reuse.  NAS1805-4 
has the lowest decrease, with an average around 1%.  MS17825-4 indicates the largest 
decrease at an average of about 33%.  MS21044D4’s average decrease is near 12.5%.  
NAS1021N4 on average decreased 10% after one use.  Grade 8 has a decrease of about 
an average of 32%.  After this initial decrease between cycles one and two, the assembly 
prevailing torque either levels off or continues to decrease at a much slower rate. 
Only NAS1805-4 defies the trends followed by the other locknuts.  For Assembly 
and Removal Prevailing Torques, the torque increases quickly for the first few cycles; 
then the torque decreases significantly and quickly.  Strangely the Tightening and 
Breakloose torques indicate almost perfect steadily increases.  The percent difference is 
erratic, and no usable information can be ascertained from the data.  The reuse life for 
NAS1805 is also opposite than the life of the other locknuts.  As the preload increases as 
did its reuse life, the other locknuts indicate a decrease in reuse life with an increase in 
preload.  It is also the only locknut to fail causing significant damage to the test bolt.  
Since the test bolt and locknut are A-286 steel galling is occurring, causing the 
differences between NAS1805 torque and the other locknut’s torques. 
The difference between the manner in which trial 1 is performed verse how trials 
2, 3 and 4 are, impacted the results.  When the preload is removed from the locknut 
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without loosening it, the removal prevailing torque is up to 50% higher.  In many cases it 
is only slightly less than the assembly prevailing torque.  Also the removal torque 
decreases at a much slower rate during trial1 than it does during trials 2, 3, and 4.  With 
the difference of prevailing torques between the trial types, it is difficult for a direct 
verification to be plausible.  If preload is lost during use, the removal prevailing torque 
will not be near enough of the assembly prevailing torque measurement. 
The fixture allows for this removal of preload without loosening of the locknut.  
This ability allows for testing to determine that more damage to the locking feature 
occurs in the removal of the preload on the locknut than in the application of the 
preload. 
The standard IFI 100/107 mentions in its definition for Breakloose Torque that 
for most lock fasteners Breakloose torque is larger than Tightening torque.  The testing 
done for this thesis indicates the opposite.  During testing Tightening torque is always 
greater than Breakloose torque.  This is consistent with the Torque Friction equation. 
The top performing with respect to reuse life all-metal locknut is NAS1291-4; 
with the worst performing all-metal locknut is MS21043-4.  The top performing with 
respect to reuse life nylon insert, and locknuts overall, locknuts are NAS1021N4, an 
aerospace grade locknut, and Grade 8, a non-aerospace grade locknut.  The worst 
performing nylon insert locknut is MS17825-4. 
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5 Conclusions 
This thesis addressed voids in literature and specifications currently existing for 
aerospace locknuts with respect to seated and torqued reuse life, while providing 
additional data and warnings for torque-tension and lubrication problems.  There is very 
little published data and the many standards specify prevailing torque minimum and 
maximum for only unseated reuse life.  The reuse of seven locknuts was performed and 
will be published.  By collecting torque and preload data concurrently, the information 
gathered from the tests will more reliably relate between torque and preload.  This was 
achieved by use of a special test fixture, which allowed for the application of preload to 
the locknut then for the removal of the preload without loosening the locknut.  Wear-
out as a function of seated reuse cycles was performed by testing each locknut up to 15 
cycles or failure while being seated.  Two different trial types were performed; one 
where the preload was removed from the locknut without loosening the locknut, and 
the other where the preload was removed by loosening the locknut.  Wear-out as a 
function of preload was performed by testing each locknut with preloads of 66% Y, 75% 
Y, and 85% Y of total preload.   
There are four main points found from the testing.  The first is the number of 
reuse cycles is greater for the nylon locknuts tested than the all-metal locknuts tested.  
Another key point is the all-metal type locknuts initially have a prevailing torque near 
101 
 
the standard’s maximum. Torque-tension relationship in reuse may provide a bigger 
issue than decrease in prevailing torque with reuse.  Industry uses the torque-tension 
relationship to tighten fasteners to desired preloads, since tightening torque increases 
with reuse the preload applied with a particular torque will decrease with reuse.  
Lubrication is important in the performance of the nylon locknuts, all-metal locknuts 
typically have lubrication applied from manufacture so none were tested.  The 
prevailing torque and reuse life can be reduced up to 400% depending on lubricant.    
  Five trends were indicated by all seven locknuts.  Assembly Prevailing and 
Removal Prevailing torques both decrease with reuse.  Tightening and Breakloose 
torques to achieve a given preload increase with reuse.  All torque value’s initial 
measurements increase with an increase in preload.  The percent difference between 
Assembly Prevailing and Removal Prevailing within a cycle levels off after the first reuse, 
with only NAS1805-4 having erratic results.  Reuse life decreases with reuse and with 
preload increase.   
 It appears behavior of prevailing torque with reuse of locknuts is not simple.  For 
unseated and 66% Y preload all locknuts but NAS1805-4 performed very well allowing 
for up to 14 or 15 reuses.  The all-metal locknuts seem to perform very well with reuse, 
achieving ten reuse cycles does not seem to be any problem.  Nylon insert locknuts 
perform the best with reuse all but MS17825-4 can be used for 15 reuse cycles up to 
75% Y preload without any issues.  So it seems many locknuts are able to maintain 
required performance with reuse.  Though with reuse inspection of the locknut for any 
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significant damage between reuse cycles is recommended, and be cautious of bolt 
damage and lubrication complications.  It is recommended if prevailing feature locking 
fasteners are to be reused a sample testing of the fastener should be performed for the 
preload, joint conditions, and applied lubrications  to be used.  NAS1805 did not meet 
the standard of 15 cycles for unseated, most likely due to the locknut’s Rockwell 
hardness is 49 and the test bolt’s Rockwell hardness is 32.  With such a large difference, 
and also both are A-286 steel, in hardness locknut NAS1805, the hardness and material 
compatibilities lead to test bolt failure.  Locknut NAS1805-4 does not appear to fail; the 
test bolt is damaged to failure. 
The data collected from testing agrees with the torque friction equation 
provided by Bickford [9].  This showing that the Tightening and Breakloose torques are 
dependent on primarily friction, around 90% of the torque, and also bolt stretch, 10% of 
the torque measurement.   
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Appendix A:   Test Fasteners Information 
A.1 Locknuts 
Table A-1: MS21043 Locknut 
MS21043 
Part #: MS21043-4 Rev. 2 
Alternate #: NASM21043-4 
Lot #: M007427-000 
Qualification Spec: NASM25027 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace: Yes 
Material: AMS 5731-L Steel 
Locking Feature Material: AMS 5731-L Steel 
Coating/Plating: AMS 2410 Silver 
Lubricant: Dry Film 
Description: Feature 0.25”-28, Nut, Self-locking, Hexagon, Silver Finish 
 
Table A-2: NAS1291 Locknut 
NAS1291 
Part #: NAS1291-4 Rev. 12 
Alternate #: MS21042L4 
Lot #: SK274 
Qualification Spec: NASM25027 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace: Yes 
Material: QQ-P-416C Carbon Steel 
Locking Feature Material: QQ-P-416C Carbon Steel 
Coating/Plating: Cadmium 
Lubricant: Dry Film 
Description: 0.25”-28, Nut, Self-locking, Hexagon, Color - Dark Gray, 
Cadmium Finish 
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Appendix A (Continued) 
Table A-3: NAS1805 Locknut 
NAS1805 
Part #: NAS1805-4 
Alternate #:  
Lot #: am816 
Qualification Spec: NAS3350 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace: Yes 
Material: A – 286 Stainless Steel 
Locking Feature Material: A – 286 Stainless Steel 
Coating/Plating: AMS 2700 Type 2 Rev. C 
Lubricant: Solid Film 
Description: 0.25”-28, Nut, Self-locking, Hexagon, 12-Point, Dark Gray 
Color 
 
Table A-4: MS17825 Locknut 
MS17825 
Part #: MS17825-4 Rev. H 
Alternate #: F12NEC-0428 
Lot #: 0501930-420 
Qualification Spec: NASM25027; ASTM D4066-94B, 96A, 99, 01A Group 1    
Class 1 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace: Yes 
Material: 1137 Steel 
Coating/Plating: Cadmium and Yellow Chromate 
Locking Feature Material: Nylon 
Lubricant: None 
Description: 0.25”-28, Nut, Self-locking, Hexagon, Slotted, Color – 
Yellow, Cadmium and Yellow Chromate Finish, Black 
Nylon Locking Feature 
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Appendix A (Continued) 
Table A-5: MS21044 Locknut 
MS21044 
Part #: MS21044D4 Rev. H 
Alternate #: NAS1021H4 
Lot #: 0501960-080 
Qualification Spec: NASM25027; ASTM D4066-94B, 96A, 99, 01A Group 1 
Class 1 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace: Yes 
Material: 2024 T4 Aluminum 
Coating/Plating: Anodized and Blue Dye 
Locking Feature Material: Nylon 
Lubricant: None 
Description: 0.25”-28, Nut, Self-locking, Hexagon, Color – Blue, 
Anodized and Blue Dye Finish, Green Nylon Locking 
Feature 
 
Table A-6: NAS1021 Locknut 
NAS1021 
Part #: NAS1021N4 Rev. 10 
Alternate #: MS21044N4 
Lot #: 40157-000 
Qualification Spec: NASM25027; ASTM D4066-00 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace: Yes 
Material: AMS 5040 Carbon Steel 
Coating/Plating: Cadmium 
Locking Feature Material: Nylon 
Lubricant: None 
Description: 0.25”-28, Nut, Self-locking, Hexagon, Color – Yellow,  
Cadmium Finish, Red Nylon Locking  
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Appendix A (Continued) 
Table A-7: Grade 8 Locknut 
Grade 8 Locknut 
Grainger Part #: 1EY89 
Alternate #:  
Lot #: 59NE8-048 6D 
Qualification Spec: IFI 100/107 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNF 
Aerospace: No 
Material: Grade 8 Steel 
Coating/Plating: Plain Finish 
Locking Feature Material: Nylon 
Lubricant: 3-IN-ONE, (Naphthenic Oil) 
Description: 0.25”-28, Nut, Self-locking, Hexagon, 6-Point, Dark Gray 
Color, Dark Purple Nylon 
 
A.2 Bolts 
Table A-8: NAS1004 Bolt 
NAS1004 
Part #: NAS1004-29A 
Lot #: 26306 
Qualification Spec: AMS 7477 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace Yes 
Material: A-286 
Coating/Plating: QQP35C 
Lubrication: No 
Cleaner: MEK 
0.2% Yield: 100,000 psi 
66% Y Preload: 2400 lb 
75% Y Preload: 2730 lb 
85% Y Preload: 3100 lb 
Description: 0.25”-28, Bolt 
 
 
 
 110 
 
Appendix A (Continued) 
Table A-9: Grade 8 Bolt 
Grade 8 
Part #: Grade 8 
Lot #: 251328A 
Qualification Spec: SAE J429 and ASME B18.2.1 
Thread Size: 0.2500 in 
Thread Pitch: 28 – Fine, UNJF 
Aerospace No 
Material: Alloy Steel 
Coating/Plating: Yellow Zinc 
Lubrication: No 
Cleaner: MEK 
0.2% Yield: 130,000 psi 
66% Y Preload: 3120 lb 
75% Y Preload: 3550 lb 
85% Y Preload: 4020 lb 
Description: 0.25”-28, Bolt 
 
A.3 Washers 
Table A-10: NAS1149 Washer 
NAS1149 
Part #: NAS1149C0463R 
Lot #: 65603/391629-01 
Qualification Spec: MIL-S-5059; UNSPSC 31161807 
Nominal Diameter: 0.25 in 
Outer Diameter: 0.50 in 
Inner Diameter: 0.265 in 
Thickness: 0.063 in 
Aerospace: Yes 
Material: CRES 
Coating/Plating: QQ-P-35 
Description: 0.25”  Washer 
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Appendix A (Continued) 
Table A-11: Grade 8 Washer 
Grade 8 
Part #: Grade 8 
Lot #: 47142-01 
Qualification Spec: ASME/ANSI B 18.22 and ASTM F436 
Nominal Diameter: 0.25 in 
Outer Diameter: 0.75 in 
Inner Diameter: 0.31 in 
Thickness: 0.051 in – 0.080 in 
Aerospace: No 
Material: Through Hardened Steel 
Coating/Plating: Yellow Zinc 
Description: 0.25”  Washer 
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Appendix B:   Fixture Dimensioned Drawings 
 
Figure B-1: Bottom Plate 
 
Figure B-2: Middle Plate 
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Appendix B (Continued) 
 
Figure B-3: Top Plate 
 
Figure B-4: Fixture Assembly 
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Appendix C:   Raw Data Tables 
C.1 MS21043-4 
C.1.1 Unseated 
Table C-1: MS21043-4; Unseated - Trial 1 
Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 20 14.5 20 -27.50% 0.00% 
2 18.5 12.75 18.25 -31.08% -1.35% 
3 18 13.5 18 -25.00% 0.00% 
4 16.5 11.25 18 -31.82% 9.09% 
5 17.5 11.5 16.5 -34.29% -5.71% 
6 16.75 11 16.5 -34.33% -1.49% 
7 17 10.5 16.5 -38.24% -2.94% 
8 17.5 14.5 17.5 -17.14% 0.00% 
9 18.5 12.5 17 -32.43% -8.11% 
10 20 16.5 19.5 -17.50% -2.50% 
11 18.5 14.5 19.5 -21.62% 5.41% 
12 19.5 14.75 18 -24.36% -7.69% 
13 17.5 13 17.5 -25.71% 0.00% 
14 17.5 13 17.5 -25.71% 0.00% 
15 16.25 10.5 15.5 -35.38% -4.62% 
Life (Cycles): 15 
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Appendix C (Continued) 
Table C-2: MS21043-4; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 20.5 16.5 21 -19.51% 2.44% 
2 17.5 17 17.5 -2.86% 0.00% 
3 18 16.25 18 -9.72% 0.00% 
4 17.5 15.5 18.5 -11.43% 5.71% 
5 18 15 18 -16.67% 0.00% 
6 17 15.5 18 -8.82% 5.88% 
7 17.5 15.25 18.5 -12.86% 5.71% 
8 17.5 14 18 -20.00% 2.86% 
9 16.5 13.5 18 -18.18% 9.09% 
10 18.5 15 18 -18.92% -2.70% 
11 19 15.5 18 -18.42% -5.26% 
12 18 13.5 18 -25.00% 0.00% 
13 17.5 15 18.5 -14.29% 5.71% 
14 18.25 16.5 18.5 -9.59% 1.37% 
15 19 15 19 -21.05% 0.00% 
Life (Cycles): 15 
Table C-3: MS21043-4; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 12.5 8 14.25 -36.00% 14.00% 
2 13 6 12.5 -53.85% Y -3.85% Y 
3 13 7 13.25 -46.15% 1.92% 
4 13 7 13 -46.15% 0.00% 
5 12 6 12 -50.00% 0.00% 
6 12 5.5 12 -54.17% 0.00% 
7 12.5 5 11 -60.00% -12.00% 
8 10 4.5 10 -55.00% 0.00% 
9 12 4.5 11 -62.50% -8.33% 
10 10 4 11 -60.00% 10.00% 
11 11 4.5 11 -59.09% 0.00% 
12 10 5.5 8.5 -45.00% -15.00% 
13 10.25 4 11 -60.98% 7.32% 
14 10 4.5 11.5 -55.00% 15.00% 
15 11.5 5 11.5 -56.52% 0.00% 
Life (Cycles): 15 
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Appendix C (Continued) 
Table C-4: MS21043-4; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 23 17.5 22 -23.91% -4.35% 
2 22 15.5 20 -29.55% -9.09% 
3 18.5 15 18.5 -18.92% 0.00% 
4 18 13.5 18.5 -25.00% 2.78% 
5 18 13 18.25 -27.78% 1.39% 
6 18.25 13 16.5 -28.77% -9.59% 
7 17 15 17.5 -11.76% 2.94% 
8 17.5 14 17.5 -20.00% 0.00% 
9 17.5 14 16 -20.00% -8.57% 
10 17.5 13 16.5 -25.71% -5.71% 
11 18 13.25 17.5 -26.39% -2.78% 
12 17.5 12.5 16 -28.57% -8.57% 
13 18 14.5 16.5 -19.44% -8.33% 
14 16.5 13.5 16 -18.18% -3.03% 
15 17.5 13 17.5 -25.71% 0.00% 
Life (Cycles): 15 
Table C-5: MS21043-4; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 19 14.12 19.31 -26.73% 3.02% 
2 17.75 12.81 17.06 -29.33% -3.57% 
3 16.87 12.93 16.93 -24.95% 0.48% 
4 16.25 11.812 17 -28.60% 4.40% 
5 16.37 11.37 16.18 -32.18% -1.08% 
6 16 11.25 15.75 -31.52% -1.30% 
7 16 11.43 15.8 -30.71% -1.57% 
8 15.62 11.75 15.75 -28.04% 0.71% 
9 16.12 11.12 15.5 -33.28% -3.98% 
10 16.5 12.12 16.25 -30.53% -0.23% 
11 16.62 11.93 16.5 -31.38% -0.66% Y 
12 16.25 11.56 15.12 -30.73% -7.82% 
13 15.81 11.63 15.87 -30.11% 1.17% 
14 15.56 11.87 15.87 -27.12% 3.33% 
15 16.06 10.88 15.88 -34.67% -1.15% 
 
Life (Cycles): 15 
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Appendix C (Continued) 
C.1.2 66% Y Preload 
Table C-6: MS21043-4; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 8.5 223 5.0 5.0 -41.18% 
2 4.0 218 3.5 4.0 0.00% 
3 3.5 214 3.8 4.0 14.29% 
4 4.0 231 2.0 3.0 -25.00% 
5 3.5 221 3.0 2.0 -42.86% 
6 3.0 208 3.0 3.5 16.67% 
7 3.0 219 2.5 3.5 16.67% 
8 3.5 217 3.0 4.0 14.29% 
9 3.5 214 2.8 3.0 -14.29% 
10 3.0 219 2.0 2.0 -33.33% 
11 3.0 205 2.0 2.0 -33.33% 
12 3.0 197 1.8 2.0 -33.33% 
13 2.8 187 2.0 3.0 9.09% 
14 3.2 193 2.0 2.2 -31.25% 
15 3.5 184 2.0 2.3 -35.71% 
Life (Cycles): 4 
Table C-7: MS21043-4; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 16.5 216 170 10 -39.39% 
2 12.5 233 192 10 -20.00% 
3 11.5 227 184 9.1 -20.87% 
4 12.5 234 200 10.2 -18.40% 
5 12 286 196 10.5 -12.50% 
6 11 225 196 9 -18.18% 
7 11.25 216 187 8 -28.89% 
8 11.5 216 181 9.5 -17.39% 
9 10.6 221 189 9.9 -6.60% 
10 12 224 193 12 0.00% 
11 12.5 216 196 10 -20.00% 
12 13 229 202 11 -15.38% 
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Appendix C (Continued) 
Table C-7 (Continued) 
13 14.5 233 219 10.5 -27.59% 
14 13 233 221 12 -7.69% 
15 15 240*       
            *Locknut 6-Point Hex Damaged Life (Cycles): 14 
Table C-8: MS21043-4; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.5 200 125 10.5 -46.15% 
2 17.5 245 212 11.5 -34.29% 
3 16.5 250 200 10 -39.39% 
4 16.5 210 195 9 -45.45% 
5 15 235 200 10.5 -30.00% 
6 12 205 175 8 -33.33% 
7 13 230 200 11 -15.38% 
8 12.5 242 205 10 -20.00% 
9 12.5 240 210 10 -20.00% 
10 13 250 220 12 -7.69% 
11 12.5 245 210 11.5 -8.00% 
12 12.5 250 225 8.5 -32.00% 
13 13 260 230 10 -23.08% 
14 13 260 225 10 -23.08% 
15 12 240 225 8 -33.33% 
Life (Cycles): 15 
Table C-9: MS21043-4; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 15 225 185 6.5 -56.67% 
2 11.5 235 195 8 -30.43% 
3 9 220 185 5 -44.44% 
4 10.5 250 210 6.5 -38.10% 
5 9.5 265 230 5.5 -42.11% 
6 9.5 255 220 5 -47.37% 
7 9.5 275 230 4.5 -52.63% 
8 9.5 250 210 4.5 -52.63% 
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Appendix C (Continued) 
Table C-9 (Continued) 
9 9 270 230 7 -22.22% 
10 9 260 220 7.5 -16.67% 
11 8.5 280 230 7.5 -11.76% 
12 9 280 240 7.5 -16.67% 
13 8 290 240 7 -12.50% 
14 9 280 240 7 -22.22% 
15 8 280 230 7 -12.50% 
Life (Cycles): 15 
Table C-10: MS21043-4; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 17.0 213.7 160.0 9.0 -47.40% 
2 13.8 237.7 199.7 9.8 -28.24% 
3 12.3 232.3 189.7 8.0 -34.90% 
4 13.2 231.3 201.7 8.6 -33.98% 
5 12.2 262.0 208.7 8.8 -28.20% 
6 10.8 228.3 197.0 7.3 -32.96% 
7 11.3 240.3 205.7 7.8 -32.30% 
8 11.2 236.0 198.7 8.0 -30.01% 
9 10.7 243.7 209.7 9.0 -16.28% 
10 11.3 244.7 211.0 10.5 -8.12% 
11 11.2 247.0 212.0 9.7 -13.25% 
12 11.5 253.0 222.3 9.0 -21.35% 
13 11.8 261.0 229.7 9.2 -21.05% 
14 11.7 257.7 228.7 9.7 -17.66% 
15 11.7 260.0 227.5 7.5 -22.92% 
Life (Cycles): 14.67 
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Appendix C (Continued) 
C.1.3 75% Y Preload 
Table C-11: MS21043-4; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 7.5 189 5 7 -6.67% 
2 6.5 208 4.5 5.5 -15.38% 
3 5.5 216 3 3.75 -31.82% 
4 3.5 200 3 3.5 0.00% 
5 3 227 2.5 3 0.00% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 3 
Table C-12: MS21043-4; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 16 240 205 6.5 -59.38% 
2 8 230 200 6 -25.00% 
3 8 260 205 7 -12.50% 
4 10 280 230 6.5 -35.00% 
5 7.5 280 240 6 -20.00% 
6 7 290 250 6 -14.29% 
7 7.5 270 230 6 -20.00% 
8 7.5 275 230 6 -20.00% 
9 7.5 270 230 6.25 -16.67% 
10 7.5 280 240 5.75 -23.33% 
11 7.25 280 230 5 -31.03% 
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Appendix C (Continued) 
Table C-12 (Continued) 
12 6.5 290 240 5 -23.08% 
13 6.75 300 250 4.75 -29.63% 
14 6 320 250 4 -33.33% 
15 5.75 290 230 4 -30.43% 
Life (Cycles): 15 
Table C-13: MS21043-4; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 18 260 200 12 -33.33% 
2 14.5 260 210 13.5 -6.90% 
3 14.5 265 220 8.5 -41.38% 
4 12 240 200 7 -41.67% 
5 12 240 190 6.5 -45.83% 
6 12 250 215 5.5 -54.17% 
7 11.5 255 210 8 -30.43% 
8 12 235 210 6.5 -45.83% 
9 12.5 270 230 6.5 -48.00% 
10 14 270 230 9 -35.71% 
11 13.5 270 230 7 -48.15% 
12 12.5 280 240 6.5 -48.00% 
13 13 285 250 8.5 -34.62% 
14 13 290 255 6 -53.85% Y 
15 12 280 245 5.25 -56.25% 
Life (Cycles): 15 
Table C-14: MS21043-4 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 15.5 230 190 6.5 -58.06% 
2 12.5 250 210 5.5 -56.00% 
3 12 250 210 4.5 -62.50% 
4 8.5 250 210 7 -17.65% 
5 8 255 220 7 -12.50% 
6 7.5 260 220 7 -6.67% 
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Appendix C (Continued) 
Table C-14 (Continued) 
7 7 240 215 6.75 -3.57% 
8 7 270 240 6.5 -7.14% 
9 7.5 280 250 7 -6.67% 
10 9 235*       
11         
12           
13           
14           
15           
          *Locknut 6-Point Hex Damage Life (Cycles): 10 
Table C-15: MS21043-4; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 16.0 240.0 205.0 6.5 -59.38% 
2 13.8 240.0 196.7 8.2 -38.80% 
3 11.7 256.7 208.3 8.7 -25.13% 
4 12.2 265.0 220.0 6.5 -46.29% 
5 9.3 256.7 216.7 6.7 -26.44% 
6 9.0 261.7 220.0 6.5 -24.21% 
7 9.0 260.0 221.7 6.2 -26.94% 
8 8.7 256.7 218.3 6.9 -18.00% 
9 8.8 258.3 226.7 6.4 -23.21% 
10 9.2 276.7 235.0 6.4 -26.00% 
11 10.1 183.3 230.0 7.0 -33.37% 
12 10.0 280.0 235.0 6.0 -35.61% 
13 9.6 290.0 245.0 5.6 -38.81% 
14 9.5 302.5 250.0 6.3 -33.97% 
15 9.4 290.0 242.5 5.0 -42.14% 
Life (Cycles): 13.33 
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Appendix C (Continued) 
C.1.4 85% Y Preload 
Table C-16: MS21043-4; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembl
y 
Prevailin
g (in-lbs) 
Tightenin
g (in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 15 250 8 8.25 -45.00% 
2 9.5 260 7 7.5 -21.05% 
3 7.5 290 7 7 -6.67% 
4 6.5 320 5.5 6 -7.69% 
5 6 310 6 6 0.00% 
6 5.75 290 5.5 5 -13.04% 
7 5 330 5 5 0.00% 
8 4.75 330 4.75 4.5 -5.26% 
9 4.5 320 4 4.25 -5.56% 
10 4.5 340 4 4 -11.11% 
11 5 300 4 4.5 -10.00% 
12 5 310 4 4.25 -15.00% 
13 4 340 3.75 3.5 -12.50% 
14 4 330*       
15           
          *Locknut 6-Point Hex Damage Life (Cycles): 13 
Table C-17: MS21043-4; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 17.5 320 260 10 -42.86% 
2 12 330 270 6.5 -45.83% 
3 11 320 275 5.25 -52.27% 
4 9 340 280 3.5 -61.11% 
5 9 290 250 3 -66.67% 
6 9 310 260 2.5 -72.22% 
7 8.5 320 270 3 -64.71% 
8 9.5 340 280 2.5 -73.68% 
9         
10           
11           
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Appendix C (Continued) 
Table C-17 (Continued) 
12           
13           
14           
15           
Life (Cycles): 5 
Table C-18: MS21043-4; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 25 320 210 19 -24.00% 
2 25 340 280 14 -44.00% 
3 18 320 280 12.5 -30.56% 
4 18.5 320 280 10.5 -43.24% 
5 16.5 310 280 10.5 -36.36% 
6 15.5 290 250 11 -29.03% 
7 18 330 280 11.5 -36.11% 
8 18 340 300 13.5 -25.00% 
9 19 350 300 13.5 -28.95% 
10 18 370 320 13 -27.78% 
11 17.5 350 310 13.5 -22.86% 
12 17.5 360 320 11 -37.14% 
13 18.5 370 330 9 -51.35% 
14 16 370 330 9 -43.75% Y 
15 15 380 340 8 -46.67% 
Life (Cycles): 15 
Table C-19: MS21043-4; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20 310 250 13 -35.00% 
2 17.5 330 270 11 -37.14% 
3 15 320 270 10 -33.33% 
4 12.5 300 250 11.5 -8.00% 
5 14.5 310 260 10.5 -27.59% 
6 14 320 270 12.5 -10.71% 
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Appendix C (Continued) 
Table C-19 (Continued) 
7 13.5 330 275 11 -18.52% 
8 12 310 280 6.5 -45.83% 
9 13 340 280 8 -38.46% 
10 12 330 280 7 -41.67% 
11 12 335 280 8.5 -29.17% 
12 14 340 300 7.5 -46.43% 
13 10 340 300 6 -40.00% 
14 12.5 340 300 6 -52.00% 
15 11 340 290 4 -63.64% 
Life (Cycles): 15 
Table C-20: MS21043-4; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailin
g (in-lbs) 
Tightenin
g (in-lbs) 
Breakloos
e (in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 17.5 320.0 260.0 10.0 -42.86% 
2 19.0 320.0 243.3 12.8 -34.94% 
3 17.8 330.0 275.0 10.1 -44.47% 
4 14.0 326.7 276.7 8.7 -41.67% 
5 13.3 303.3 260.0 8.3 -39.30% 
6 13.3 310.0 266.7 7.8 -45.39% 
7 12.7 310.0 263.3 8.8 -34.82% 
8 13.7 333.3 278.3 8.3 -42.77% 
9 15.0 325.0 290.0 10.0 -35.42% 
10 16.0 345.0 290.0 10.8 -33.70% 
11 15.0 350.0 300.0 10.0 -34.72% 
12 14.8 342.5 295.0 11.0 -26.01% 
13 15.8 350.0 310.0 9.3 -41.79% 
14 14.3 355.0 315.0 7.5 -45.68% 
15 14.3 355.0 315.0 7.5 -47.88% 
Life (Cycles): 11.67 
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Appendix C (Continued) 
C.1.5 Locknut Average 
Table C-21: MS21043-4; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 16.8 257.9 208.3 8.5 -49.88% 
2 15.6 265.9 213.2 10.3 -33.99% 
3 13.9 273.0 224.3 8.9 -34.84% 
4 13.1 274.3 232.8 7.9 -40.65% 
5 11.6 274.0 228.4 7.9 -31.31% 
6 11.1 266.7 227.9 7.2 -34.19% 
7 11.0 270.1 230.2 7.6 -31.35% 
8 11.2 275.3 231.8 7.8 -30.26% 
9 11.5 275.7 242.1 8.5 -24.97% 
10 12.2 288.8 245.3 9.2 -22.61% 
11 12.1 260.1 247.3 8.9 -27.12% 
12 12.1 291.8 250.8 8.7 -27.66% Y 
13 12.4 300.3 261.6 8.0 -33.88% 
14 11.8 305.1 264.6 7.8 -32.44% 
15 11.8 301.7 261.7 6.7 -37.64% 
Life (Cycles): 13.2 
C.2 NAS1291-4 
C.2.1 Unseated 
Table C-22: NAS1291-4; Unseated - Trial 1 
Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 28 27.5 29 -1.79% 3.57% 
2 25 27.5 28 10.00% 12.00% 
3 25 27 25 8.00% 0.00% 
4 25 27.5 27.5 10.00% 10.00% 
5 23 24 24 4.35% 4.35% 
6 26 22 27 -15.38% 3.85% Y 
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Appendix C (Continued) 
Table C-22 (Continued) 
7 25.5 21 26 -17.65% 1.96% 
8 24.5 20.75 25 -15.31% 2.04% 
9 22.5 18.5 22.5 -17.78% 0.00% 
10 24 18 24 -25.00% 0.00% 
11 20.5 15 22 -26.83% 7.32% 
12 23 19 25 -17.39% 8.70% 
13 23 16 23.5 -30.43% 2.17% 
14 23 19.5 23.5 -15.22% 2.17% 
15 23.5 17.5 25 -25.53% 6.38% 
Life (Cycles): 15 
Table C-23: NAS1291-4; Unseated - Trial 2 
Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 13.25 8 13.5 -39.62% 1.89% 
2 12 6.5 11.5 -45.83% -4.17% 
3 12.5 5.5 12 -56.00% -4.00% 
4 12.5 6.5 12 -48.00% -4.00% 
5 11 5 10.75 -54.55% -2.27% 
6 11.5 6.5 12 -43.48% 4.35% 
7 11.5 5.5 11 -52.17% -4.35% 
8 12 6 12 -50.00% 0.00% 
9 11.5 6.5 11 -43.48% -4.35% 
10 11.5 5.75 11.5 -50.00% 0.00% 
11 12.5 6.5 12 -48.00% -4.00% 
12 13 7 12.5 -46.15% -3.85% Y 
13 11.5 8 13 -30.43% 13.04% 
14 11 7 12.5 -36.36% 13.64% 
15 11.5 7 13.5 -39.13% 17.39% 
Life (Cycles): 15 
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Appendix C (Continued) 
Table C-24: NAS1291-4; Unseated - Trial 3 
Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 19.5 15 17.5 -23.08% -10.26% 
2 17.5 11.5 17.5 -34.29% 0.00% 
3 15.5 13 18.5 -16.13% 19.35% 
4 16 13 18.25 -18.75% Y 14.06% 
5 17 13.5 17.5 -20.59% 2.94% 
6 16 12 18 -25.00% 12.50% 
7 17 11.5 17.5 -32.35% 2.94% 
8 16.25 11 17.5 -32.31% 7.69% 
9 16 10.75 17.5 -32.81% 9.38% 
10 16.25 10 17 -38.46% 4.62% 
11 16.25 10 17.25 -38.46% 6.15% 
12 16 12 18.25 -25.00% 14.06% 
13 16.5 11.5 18 -30.30% 9.09% 
14 17 13 17.5 -23.53% 2.94% 
15 17.25 11.5 18 -33.33% 4.35% 
Life (Cycles): 15 
Table C-25: NAS1291-4; Unseated - Trial 4 
Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 16.5 11.25 15 -31.82% -9.09% 
2 15 10 15 -33.33% 0.00% 
3 15 9 15.5 -40.00% 3.33% 
4 14 8.75 15 -37.50% 7.14% 
5 14.5 8 15 -44.83% 3.45% 
6 15 8.5 15 -43.33% 0.00% 
7 16 10 16.25 -37.50% 1.56% 
8 14.25 9.5 16.5 -33.33% 15.79% 
9 15 9.75 15.5 -35.00% 3.33% 
10 15 10 16 -33.33% 6.67% 
11 16 10 17 -37.50% 6.25% 
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Appendix C (Continued) 
Table C-25 (Continued) 
12 16.5 12 16 -27.27% -3.03% 
13 16.5 11 16 -33.33% -3.03% 
14 16 11.5 15 -28.13% -6.25% 
15 17 12.5 16.5 -26.47% -2.94% 
Life (Cycles): 15 
Table C-26: NAS1291-4; Unseated - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 19.31 15.43 18.75 -24.08% -3.47% 
2 17.37 13.87 18 -25.86% 1.96% 
3 17 13.62 17.75 -26.03% 4.67% 
4 16.87 13.93 18.18 -23.56% 6.80% 
5 16.37 12.62 16.81 -28.90% 2.12% 
6 17.12 12.25 18 -31.80% 5.17% 
7 17.5 12 17.68 -34.92% 0.53% 
8 16.75 11.81 17.75 -32.74% 6.38% 
9 16.25 11.37 16.62 -32.27% 2.09% 
10 16.68 10.93 17.12 -36.70% 2.82% 
11 16.31 10.37 17.06 -37.70% 3.93% 
12 17.12 12.5 17.93 -28.95% 3.97% 
13 16.87 11.62 17.62 -31.13% 5.32% 
14 16.75 12.75 17.12 -25.81% 3.13% 
15 17.31 12.12 18.25 -31.12% 6.30% 
 
Life (Cycles): 15 
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Appendix C (Continued) 
C.2.2 66% Y Preload 
Table C-27: NAS1291-4; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 17.5 158 14.9 13 -25.71% 
2 14 158 12.5 13 -7.14% 
3 11.5 166 10.7 12.5 8.70% 
4 11.6 170 14.5 12.5 7.76% 
5 12.2 176 12 13 6.56% 
6 11 164 13 10.5 -4.55% 
7 10.5 180 12 11 4.76% 
8 10 179 10.5 12.5 25.00% 
9 12.25 175 8.6 11.5 -6.12% 
10 10.5 186 9 10 -4.76% 
11 12 190 10 11 -8.33% 
12 10 190 12 12 20.00% 
13 12 200 8 11.5 -4.17% 
14 10.5 200 13.5 13.5 28.57% 
15 10 211 12.5 13 30.00% 
Life (Cycles): 15 
Table C-28: NAS1291-4; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20 163 136 16 -20.00% 
2 16.1 159 134 11 -31.68% 
3 15.5 170 143 12 -22.58% 
4 15 185 154 11.5 -23.33% 
5 15.5 192 157 12.4 -20.00% 
6 15 197 168 12 -20.00% 
7 15 205 170 11.25 -25.00% 
8 14.5 198 174 12 -17.24% 
9 14.5 194 170 8.5 -41.38% 
10 14 195 166 10.25 -26.79% 
11 13.5 200 173 9 -33.33% 
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Appendix C (Continued) 
Table C-28 (Continued) 
12 14.5 205 177 9 -37.93% 
13 12.7 210 180 9 -29.13% 
14 13 214 203 10 -23.08% 
15 12.5 215 187 10.9 -12.80% 
Life (Cycles): 15 
Table C-29: NAS1291-4; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.5 165 140 14.5 -25.64% 
2 13.5 168 145 11.5 -14.81% 
3 13.5 175 150 10.5 -22.22% 
4 13.5 180 157 9.75 -27.78% 
5 13.5 190 166 11.5 -14.81% 
6 14.5 190 170 11.75 -18.97% 
7 14.5 200 180 11 -24.14% 
8 14.25 205 180 13 -8.77% 
9 13.5 205 185 13 -3.70% 
10 15 190 165 13.5 -10.00% 
11 16.5 205 180 12 -27.27% 
12 14 210 185 12 -14.29% 
13 14 210 195 12 -14.29% 
14 13.5 212 195 11 -18.52% 
15 13 215 190 11.5 -11.54% 
Life (Cycles): 15 
Table C-30: NAS1291-4; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.5 185 163 13 -33.33% 
2 15 180 155 12.5 -16.67% 
3 13.5 185 165 10 -25.93% 
4 14 180 156 11.5 -17.86% 
5 14 185 165 10.5 -25.00% 
6 12.25 190 170 10.5 -14.29% 
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Appendix C (Continued) 
Table C-30 (Continued) 
7 13 200 180 11 -15.38% 
8 10.75 195 168 10 -6.98% 
9 13.25 205 185 10.5 -20.75% Y 
10 13.5 225 200 11.25 -16.67% 
11 15 225 195 10.5 -30.00% 
12 14.5 227 195 12 -17.24% 
13 13 237 190 11 -15.38% 
14 13.25 236 210 10 -24.53% 
15 12.5 260 195 12 -4.00% 
Life (Cycles): 15 
Table C-31: NAS1291-4; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.67 171 146.33 14.5 -26.32% 
2 14.87 169 144.67 11.67 -21.05% 
3 14.17 176.67 152.67 10.83 -23.58% 
4 14.17 181.67 155.67 10.91 -22.99% 
5 14.33 189 162.67 11.47 -19.94% 
6 13.92 192.33 169.33 11.42 -17.75% Y 
7 14.17 201.67 176.67 11.08 -21.51% 
8 13.17 199.33 174 11.67 -11.00% 
9 13.75 201.33 180 10.67 -21.95% 
10 14.17 203.33 177 11.67 -17.82% 
11 15 210 182.67 10.5 -30.20% 
12 14.33 214 185.67 11 -23.15% 
13 13.23 219 188.33 10.67 -19.60% 
14 13.25 220.67 202.67 10.33 -22.04% 
15 12.67 230 190.67 11.47 -9.45% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.2.3 75% Y Preload 
Table C-32: NAS1291-4; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 21.5 185 15.5 14 -34.88% 
2 14.5 202 12.5 13 -10.34% 
3 14.5 200 11.5 14 -3.45% 
4 14.25 201 9.9 12.5 -12.28% 
5 13.5 204 10.5 12.5 -7.41% 
6 13.25 206 11 13.5 1.89% 
7 12 206 10 13 8.33% 
8 13.5 204 10.5 12.5 -7.41% 
9 12.5 205 9.5 12.5 0.00% 
10 12 209 9 12.5 4.17% 
11 12.5 210 9 12 -4.00% 
12 13 204 8.5 11 -15.38% 
13 13 211 8.5 12 -7.69% 
14 13 210 8.4 11 -15.38% 
15 13 210 7.5 11.5 -11.54% 
Life (Cycles): 15 
Table C-33: NAS1291-4; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20 179 150 15 -25.00% 
2 14.9 176 148 13 -12.75% Y 
3 13 186 156 12 -7.69% 
4 13 185 153 11.2 -13.85% Y 
5 13 200 170 10.6 -18.46% 
6 13.25 202 171 9.4 -29.06% 
7 14 211 181 11 -21.43% 
8 14 214 185 10 -28.57% 
9 13.5 215 187 10.5 -22.22% 
10 13.5 214 185 10 -25.93% 
11 13 214 182 10 -23.08% 
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Appendix C (Continued) 
Table C-33 (Continued) 
12 13 222 192 9.4 -27.69% 
13 13.5 227 195 10 -25.93% 
14 13.4 230 200 10.75 -19.78% 
15 12.5 216 189 10 -20.00% 
Life (Cycles): 15 
Table C-34: NAS1291-4; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 15 190 165 14.25 -5.00% 
2 14 200 170 14 0.00% 
3 14 209 170 13.75 -1.79% 
4 13.75 210 183 14 1.82% 
5 14 240 195 12.5 -10.71% 
6 14 220 194 14.5 3.57% 
7 14.5 240 205 13 -10.34% 
8 13.75 235 215 10.5 -23.64% 
9 13 240 210 10 -23.08% 
10 14 230 200 12.5 -10.71% 
11 13 255 215 12.5 -3.85% Y 
12 13 245 225 12.25 -5.77% 
13 12.75 243 225 12 -5.88% 
14 13 265 225 11 -15.38% 
15 13 258 232 9 -30.77% 
Life (Cycles): 15 
Table C-35: NAS1291-4; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 27.5 190 162 23.5 -14.55% 
2 22 207 176 21.5 -2.27% 
3 25.5 225 190 19.5 -23.53% 
4 21.25 227 200 20.5 -3.53% 
5 20 235 205 22.5 12.50% 
6 19.5 238 207 21 7.69% 
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Appendix C (Continued) 
Table C-35 (Continued) 
7 17.5 240 218 18.2 4.00% 
8 18.25 250 225 19.5 6.85% Y 
9 18.25 250 225 17.7 -3.01% 
10 16.75 260 225 16.25 -2.99% 
11 14 240 215 14.5 3.57% 
12 15.25 250 230 14.5 -4.92% 
13 15 230 220 13 -13.33% 
14 15 250 210 12 -20.00% 
15 13 235 210 11.5 -11.54% 
Life (Cycles): 15 
Table C-36: NAS1291-4; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20.83 186.33 159 17.58 -14.85% Y 
2 16.97 194.33 164.67 16.17 -5.01% 
3 17.5 206.67 172 15.08 -11.00% 
4 16 207.33 178.67 15.23 -5.19% 
5 15.67 225 190 15.2 -5.56% 
6 15.58 220 190. 67 14.97 -5.93% 
7 15.33 230.33 201.33 14.07 -9.26% 
8 15.33 233 208.33 13.33 -15.12% 
9 14.92 235 207.33 12.73 -16.10% 
10 14.75 234.67 203.33 12.92 -13.21% 
11 13.33 236.33 204 12.33 -7.78% 
12 13.75 239 215.67 12.05 -12.79% 
13 13.75 233.33 213.33 11.67 -15.05% 
14 13.8 248.33 211.67 11.25 -18.39% 
15 12.83 236.33 210.33 10.17 -20.77% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.2.4 85% Y Preload 
Table C-37: NAS1291-4; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 21 210 11 15 -28.57% 
2 14 220 11.5 14.25 1.79% 
3 14 210 9.5 12.5 -10.71% 
4 12.5 210 7.5 12.5 0.00% 
5 12.5 210 8 12 -4.00% 
6 13 220 9 13 0.00% 
7 13 220 12.5 13.5 3.85% Y 
8 13 225 11 12 -7.69% 
9 13 230 9.5 15.5 19.23% 
10 13.5 235 10 13 -3.70% 
11 13 225 8 13 0.00% 
12 13 235 9.5 13 0.00% 
13 13 235 9 13 0.00% 
14 13.5 245 8.5 12 -11.11% 
15 13.5 240 8.5 12.5 -7.41% 
Life (Cycles): 15 
Table C-38: NAS1291-4; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 18.5 221 180 16 -13.51% 
2 12.5 230 210 12.5 0.00% 
3 12.5 240 215 14 12.00% 
4 14 260 230 13 -7.14% 
5 13 260 230 12.5 -3.85% Y 
6 14 260 240 12.5 -10.71% 
7 13 275 245 15 15.38% 
8 12.5 270 235 12 -4.00% 
9 12.5 290 240 10.5 -16.00% 
10 11.5 250 230 8.5 -26.09% 
11 11.5 250 240 8.5 -26.09% 
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Appendix C (Continued) 
Table C-38 (Continued) 
12 11.5 250 230 8.5 -26.09% 
13 11 260 230 7.5 -31.82% 
14 11.5 250*       
15           
         *Locknut 6-Point Hex Damage Life (Cycles): 14 
Table C-39: NAS1291-4; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 14.5 205 180 11 -24.14% 
2 11 190 152 11.25 2.27% 
3 12.5 215 180 10 -20.00% 
4 12 215 185 9.5 -20.83% 
5 11.5 222 187 10.5 -8.70% 
6 12 210 167 9.5 -20.83% 
7 12 232 198 9 -25.00% 
8 11.7 235 210 9.2 -21.37% 
9 12.5 240 208 9.5 -24.00% 
10 11.5 250 215 9.5 -17.39% 
11 11.5 256 230 11.5 0.00% 
12 11.5 265 230 10 -13.04% 
13 12 270 230 9.5 -20.83% 
14 12 270 237 10 -16.67% 
15 12 260 240 9.5 -20.83% 
Life (Cycles): 15 
Table C-40: NAS1291-4; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 17 185 155 15.75 -7.35% 
2 15 185 155 12.5 -16.67% 
3 15 210 180 13 -13.33% 
4 14.5 215 188.25 14 -3.45% 
5 14.5 225 195 15.5 6.90% 
6 14 230 210 15.5 10.71% 
7 14 245 210 15 7.14% 
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Table C-40 (Continued) 
8 14 260 225 15.5 10.71% 
9 14 260 220 17.5 25.00% 
10 15 260 220 18.5 23.33% 
11 14 280 230 18.5 32.14% 
12 15 310*     
13           
14         
15           
* Bolt Failed Life (Cycles): 11 
Table C-41: NAS1291-4; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 16.67 203.67 171.67 14.25 -15.00% 
2 12.83 201.67 172.33 12.08 -4.80% 
3 13.33 221.67 191.67 12.33 -7.11% 
4 13.5 230 201.08 12.17 -10.47% 
5 13 235.67 204 12.83 -1.88% 
6 13.33 233.33 205.67 12.5 -6.94% 
7 13 250.67 217.67 13 -0.82% 
8 12.73 255 223.33 12..23 -4.88% 
9 13 263.33 222.67 12.5 -5.00% 
10 12.67 253.33 222.5 12.17 -6.71% 
11 12.33 262 235 12.83 2.02% 
12 12.67 257.5 230 9.25 -19.57% 
13 11.5 265 230 8.5 -26.33% 
14 11.75 270 237 10 -16.67% 
15 12 260 240 9.5 -20.83% 
Life: (Cycles) 13.75 
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Appendix C (Continued) 
C.2.5 Locknut Average 
Table C-42: NAS1291-4; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.06 187 159 15.44 -18.72% 
2 14.89 188.33 160.56 13.31 -10.29% 
3 15 201.67 172.11 12.75 -13.90% 
4 14.56 206.33 178.47 12.77 -12.88% 
5 14.33 216.56 185.56 13.17 -9.13% 
6 14.27 215.22 188.56 12.96 -10.21% 
7 14.17 227.56 198.56 12.7 -10.53% 
8 13.74 229.11 201.89 12.41 -10.33% 
9 13.89 233.22 203.33 11.97 -14.35% 
10 13.86 230.44 200.94 12.25 -12.58% 
11 13.56 236.11 207.22 11.89 -11.99% 
12 13.58 242.67 210.44 10.77 -18.50% 
13 12.82 239.11 210.56 10.28 -20.32% 
14 12.93 243 217.11 10.52 -19.03% 
15 12.5 242.11 213.67 10.38 -17.02% 
Life: (Cycles) 14.58 
 
C.3 NAS1805-4 
C.3.1 Unseated 
Table C-43: NAS1805-4; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 22.5 21 22.5 -6.67% 0.00% 
2 22.5 20 25 -11.11% 11.11% 
3 26.5 22.5 30 -15.09% 13.21% 
4 28 35 33 25.00% 17.86% 
5 45 40 33 -11.11% -26.67% 
6 30 22 20 -26.67% -33.33% 
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Table C-43 (Continued) 
7 20 20 20 0.00% 0.00% 
8 17.5 12.5 10 -28.57% -42.86% 
9 7.5 4 5 -46.67% -33.33% 
10 3 3.5 3 16.67% 0.00% 
11 3 2 2 -33.33% -33.33% 
12 2 2 1.75 0.00% -12.50% 
13           
14           
15           
Life (Cycles): 4 
Table C-44: NAS1805-4; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 18.75 17.5 21.25 -6.67% 13.33% 
2 25 22.5 27 -10.00% 8.00% 
3 25 26 32.5 4.00% 30.00% 
4 34 40 25 17.65% -26.47% 
5 17.5 16.25 17.5 -7.14% 0.00% 
6 25 22.5 26.5 -10.00% 6.00% 
7 17 12.5 15 -26.47% -11.76% 
8 5 3 4 -40.00% -20.00% 
9 4 3 2 -25.00% -50.00% 
10 2 1.5 1.5 -25.00% -25.00% 
11           
12           
13           
14           
15           
Life (Cycles): 3 
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Table C-45: NAS1805-4; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 16.5 13.5 19 -18.18% 15.15% 
2 16.25 14.5 18.75 -10.77% 15.38% 
3 20 17.5 17.5 -12.50% -12.50% 
4 13 12 16.5 -7.69% 26.92% 
5 16 12.5 17.5 -21.88% 9.38% 
6 14.5 15 17.5 3.45% 20.69% 
7 17.5 15 17.5 -14.29% 0.00% 
8 12.5 20 15 60.00% 20.00% 
9 12.5 9 12.5 -28.00% 0.00% 
10 10 15 11.5 50.00% 15.00% 
11 10 5.5 7.5 -45.00% -25.00% 
12 6 7 6.5 16.67% 8.33% 
13 5 6 6 20.00% 20.00% 
14 5.5 5 4 -9.09% -27.27% 
15 4 3 3.5 -25.00% -12.50% 
Life (Cycles): 14 
Table C-46: NAS1805-4; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 17.5 16.5 22 -5.71% 25.71% 
2 17.5 16 18.25 -8.57% 4.29% 
3 17.5 13 18 -25.71% 2.86% 
4 20 19.5 22.5 -2.50% 12.50% 
5 20 16.5 20 -17.50% 0.00% 
6 17.5 11 15 -37.14% -14.29% 
7 22.5 22.5 13.5 0.00% -40.00% 
8 12 12.5 14 4.17% 16.67% 
9 12.5 7.5 10 -40.00% -20.00% 
10 6 7.5 7.5 25.00% 25.00% 
11 12.5 10 10 -20.00% -20.00% 
12 5 2.5 3 -50.00% -40.00% 
13 5 3 4 -40.00% -20.00% 
14 4.5 2 3 -55.56% -33.33% 
15           
Life (Cycles): 11 
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Table C-47: NAS1805-4; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 18.81 17.12 21.18 -9.31% 13.55% 
2 20.31 18.25 22.25 -10.11% 9.70% 
3 22.25 19.75 24.5 -12.33% 8.39% 
4 23.75 26.63 24.25 8.11% 7.70% 
5 24.62 21.31 22 -14.41% -4.32% 
6 21.75 17.62 19.75 -17.59% -5.23% 
7 19.25 17.5 16.5 -10.19% -12.94% 
8 11.75 12 10.75 -1.10% -6.55% 
9 9.12 5.87 7.37 -34.92% -25.83% 
10 5.25 6.87 5.87 16.67% 3.75% Y 
11 8.5 5.83 6.5 -32.78% -26.11% 
12 4.33 3.83 3.75 -11.11% -14.72% 
13 5 4.5 5 -10.00% 0.00% 
14 5 3.5 3.5 -32.32% -30.30% 
15 4 3 3.5 -25.00% -12.50% 
 
Life (Cycles): 8 
C.3.2 66% Y Preload 
Table C-48: NAS1805-4; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 17.5 105 15.5 15.5 -11.43% 
2 15.5 112 15 18.5 19.35% 
3 21.5 120 21 22 2.33% 
4 18 130 20 15 -16.67% 
5 14.5 118 22.5 17.5 20.69% 
6 13.25 130 16 17 28.30% 
7 15 130 15.5 17 13.33% 
8 14 125 6.5 12.5 -10.71% 
9 3 125 2 3 0.00% 
10 2.5 130 1 2.5 0.00% 
11 1.5 127 0 1.5 0.00% 
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Table C-48 (Continued) 
12         
13           
14           
15           
Life: (Cycles) 9 
Table C-49: NAS1805-4; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 25 127 119 15.5 -38.00% 
2 24.25 136 118 14.5 -40.21% 
3 24 145 125 16 -33.33% 
4 17.5 145 125 14 -20.00% 
5 19 152 125 22 15.79% 
6 40 161 140 32 -20.00% 
7 28 173 150 59 110.71% 
8 30 163 142 32 6.67% 
9 25 170 150 26 4.00% 
10 20 175 150 19 -5.00% 
11 15 185 152 9 -40.00% 
12 10 180 158 7 -30.00% 
13 8 200 180 4 -50.00% 
14 4 202 180 3 -25.00% 
15 3 198 189 2 -33.33% 
Life: (Cycles) 14 
Table C-50: NAS1805-4; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 17.5 112 90 12 -31.43% 
2 20.5 120 102 15 -26.83% 
3 21 132 112 19 -9.52% 
4 23.5 127 110 23 -2.13% 
5 25 130 110 30 20.00% 
6 28.5 145 120 35 22.81% 
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Table C-50 (Continued) 
7 25 163 145 30 20.00% 
8 25 174 161 17.5 -30.00% 
9 20 185 167 22.5 12.50% 
10 20 195 180 14.5 -27.50% 
11 17.5 270 240 15 -14.29% 
12 15 340*       
13           
14           
15           
*Bolt Failed Life: (Cycles) 12 
Table C-51: NAS1805-4; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22 122 105 10.5 -52.27% 
2 15 135 115 15 0.00% 
3 16 140 120 19.5 21.88% 
4 16 160 139 17 6.25% 
5 19 147 125 22.5 18.42% 
6 22.5 150 125 31 37.78% 
7 22.5 150 125 17.5 -22.22% 
8 7.5 160 140 7.5 0.00% 
9 7 161 140 7 0.00% 
10 7 165 147 8 14.29% 
11 6 171 155 5 -16.67% 
12 4 175 157 2 -50.00% 
13 2 183 166 1 -50.00% 
14 1 185 165 1 0.00% 
15         
Life: (Cycles) 12 
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Table C-52: NAS1805-4; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 21.5 120.33 104.67 12.67 -40.57% 
2 19.97 130.33 111.67 14.83 -22.35% 
3 20.33 139 119 18.17 -6.99% 
4 19 144 124.67 18 -5.29% 
5 21 143 120 24.83 18.07% 
6 30.33 152 128.33 32.67 13.53% 
7 25.17 162 140 35.5 36.16% 
8 20.83 165.67 147.67 19 -7.78% 
9 17.33 172 152.33 18.5 5.50% 
10 15.67 178.33 159 13.83 -6.07% 
11 12.83 208.67 182.33 9.67 -23.65% 
12 9.67 177.5 157.5 4.5 -40.00% 
13 5 191.5 173 2.5 -50.00% 
14 2.5 193.5 172.5 2 -12.50% 
15 3 198 189 2 -33.33% 
Life: (Cycles) 12.67 
 
C.3.3 75% Y Preload 
Table C-53: NAS1805-4; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 21.5 138 15.7 12.5 -41.86% 
2 21.5 141 21 21.5 0.00% 
3 29 152 42 23 -20.69% 
4 26 144 20 17 -34.62% 
5 18 151 18.5 20 11.11% 
6 13.7 169 9 10 -27.01% 
7 9.5 163 7.5 7.7 -18.95% 
8 4 180 3 2.5 -37.50% 
9 0.25 186 1 1 300.00% 
10           
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Table C-53 (Continued) 
11           
12           
13           
14           
15           
Life: (Cycles) 8 
Table C-54: NAS1805-4; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19 125 105 13 -31.58% 
2 17.5 130 110 14.5 -17.14% 
3 17.5 130 112 16.5 -5.71% 
4 17 145 125 20 17.65% 
5 17 155 137 27.5 61.76% 
6 16 173 155 23 43.75% Y 
7 29 190 168 27.5 -5.17% 
8 17.5 183 163 9 -48.57% 
9 9.5 187 167 8.5 -10.53% 
10 5 200 180 5 0.00% 
11 5.5 205 185 9 63.64% 
12 6.5 215 195 5.5 -15.38% 
13 4 200 180 4 0.00% 
14 3 210 190 2 -33.33% 
15 1.5 215 190 2 33.33% 
Life: (Cycles) 14 
Table C-55: NAS1805-4; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 16.5 120 95 13 -21.21% 
2 21.5 120 95 21 -2.33% 
3 20.5 125 105 15 -26.83% 
4 23 130 105 20 -13.04% 
5 20 140 115 17.5 -12.50% 
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Table C-55 (Continued) 
6 16.5 155 125 17 3.03% 
7 16 165 140 12.5 -21.88% 
8 13 167 145 15.5 19.23% 
9 13.5 182 160 7.5 -44.44% 
10 8 195 177 5.5 -31.25% 
11 6 195 180 4 -33.33% 
12 3.5 200 177 1.5 -57.14% 
13 1.5 195 175 2 33.33% 
14 1 195 177 2 100.00% 
15           
Life: (Cycles) 12 
Table C-56: NAS1805-4; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.5 125 100 15.5 -20.51% 
2 19.5 115 95 12 -38.46% 
3 22 120 100 17.5 -20.45% 
4 16 125 105 10 -37.50% 
5 17 130 110 11 -35.29% 
6 19.5 140 120 25 28.21% 
7 15 150 130 11.75 -21.67% 
8 9 160 140 10.5 16.67% 
9 6 163 150 7 16.67% 
10 3.5 189 175 7 100.00% 
11 3.5 193 175 4 14.29% 
12 3 205 190 3.75 25.00% 
13 2.5 202 183 3 20.00% 
14 1.75 198 180 2.5 42.86% 
15         
Life: (Cycles) 12 
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Table C-57: NAS1805-4; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloos
e (in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
between 
Assembly 
Prevailing 
and Removal 
Prevailing 
1 18.33 123.33 100 13.83 -24.43% 
2 19.5 121.67 100 15.83 -19.31% 
3 20 125 105.67 16.33 -17.67% 
4 18.67 133.33 111.67 16.67 -10.97% 
5 18 141.67 120.67 18.67 4.66% Y 
6 17.33 156 133.33 21.67 25.00% 
7 20 168.33 146 17.25 -16.24% 
8 13.17 170 149.33 11.67 -4.22% 
9 9.67 177.33 159 7.67 -12.77% 
10 5.5 194.67 177.33 5.83 22.92% 
11 5 197.67 180 5.67 14.86% 
12 4.33 206.67 187.33 3.58 -15.84% 
13 2.67 199 179.33 3 17.78% 
14 1.92 201 182.33 2.17 36.51% 
15 1.5 215 190 2 33.33% 
Life: (Cycles) 12.67 
C.3.4 85% Y Preload 
Table C-58: NAS1805-4; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 21 135 11 16.5 -21.43% 
2 20 135 13.75 15 -25.00% 
3 22 145 11 16.5 -25.00% 
4 22.5 140 12 16 -28.89% 
5 15.5 146 12.5 10 -35.48% 
6 11.5 152 8 12.5 8.70% 
7 6 150 2 6 0.00% 
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Table C-58 (Continued) 
8 3 153 3 2.5 -16.67% 
9 2 160 2 1.5 -25.00% 
10         
11           
12           
13           
14           
15           
Life: (Cycles) 7 
Table C-59: NAS1805-4; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
between 
Assembly 
Prevailing 
and Removal 
Prevailing 
1 14.5 135 105 9.5 -34.48% 
2 17.5 125 102 14 -20.00% 
3 18 135 109 12.5 -30.56% 
4 16.5 145 120 21 27.27% 
5 22.5 148 123 21 -6.67% 
6 28 173 138 26.5 -5.36% 
7 22.5 170 131 14.5 -35.56% 
8 15.5 158 127 15 -3.23% 
9 15.5 160 130 5 -67.74% 
10 5.5 170 140 6 9.09% 
11 5.5 178 148 5 -9.09% 
12 5 178 155 5.5 10.00% 
13 5 185 160 4 -20.00% 
14 2 190 163 1.5 -25.00% 
15 1 200 170 1 0.00% 
Life: (Cycles) 14 
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Table C-60: NAS1805-4; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
between 
Assembly 
Prevailing 
and Removal 
Prevailing 
1 22.5 135 110 11 -51.11% 
2 23.5 155 130 15.5 -34.04% 
3 25.5 175 150 19.5 -23.53% 
4 28.5 190 165 25 -12.28% 
5 20 180 155 20 0.00% 
6 18 195 175 22.5 25.00% 
7 15 155 135 17.5 16.67% 
8 12.5 183 155 11.5 -8.00% 
9 13.25 188 160 10 -24.53% 
10 8.5 195 170 3 -64.71% 
11 2 205 176 2.5 25.00% 
12 1.5 190 165 1 -33.33% 
13           
14           
15           
Life: (Cycles) 10 
Table C-61: NAS1805-4; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 125 100 14.5 -35.56% 
2 17.5 125 100 13.5 -22.86% 
3 12 145 100 4.5 -62.50% 
4 7.5 140 117 8 6.67% 
5 9.5 143 120 9 -5.26% 
6 8 157 135 11.25 40.63% 
7 12.5 155 130 13 4.00% 
8 20 175 145 16 -20.00% 
9 10 160 134 11 10.00% 
10 12.5 185 160 20 60.00% 
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Table C-61 (Continued) 
11 14 190 110 12.5 -10.71% 
12 11 197 170 16.5 50.00% 
13 10.5 201 175 10.5 0.00% 
14 10 200 180 11 10.00% 
15 5 220 183 9 80.00% 
Life: (Cycles) 15 
Table C-62: NAS1805-4; 85% Y - Trial Average 
Trial Averages 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.83 131.67 105 11.67 -40.38% 
2 19.5 135 110.67 14.33 -25.63% 
3 18.5 151.67 119.67 12.17 -38.86% 
4 17.5 158.33 134 18 7.22% 
5 17.33 157 132.67 16.67 -3.98% 
6 18 175 149.33 20.08 20.09% 
7 16.67 160 132 15 -4.96% 
8 16 172 142.33 14.17 -10.41% 
9 12.92 169.33 141.33 8.67 -27.42% 
10 8.83 183.33 156.67 9.67 1.46% 
11 7.17 191 144.67 6.67 1.73% 
12 5.83 188.33 163.33 7.67 8.89% 
13 7.75 193 167.5 7.25 -10.00% 
14 6 195 171.5 6.25 -7.50% 
15 3 210 176.5 5 40.00% 
Life: (Cycles) 13 
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C.3.5 Locknut Average 
Table C-63: NAS1805-4; Locknut Average 
Locknut Averages 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19.89 125.11 103.22 12.72 -35.13% 
2 19.64 129 107.64 15 -22.43% 
3 19.61 138.56 114.78 15.56 -21.17% 
4 18.39 145.22 123.64 17.56 -3.01% 
5 18.78 147.22 124.64 20.06 6.25% 
6 21.89 161 137 24.81 19.54% 
7 20.61 163.64 139.33 22.58 4.99% 
8 16.67 169.22 146.64 14.94 -7.47% 
9 13.31 172.89 150.89 11.61 -11.56% 
10 10 185.64 164.33 9.78 6.10% 
11 8.33 199.11 169 7.33 -2.35% 
12 6.61 190.83 169.39 5.25 -15.65% 
13 5.14 194.5 173.27 4.25 -14.07% 
14 3.47 196.5 175.64 3.47 5.50% 
15 2.5 207.67 185.17 3 13.33% 
Life: (Cycles) 12.78 
 
C.4 MS17825-4 
C.4.1 Unseated 
Table C-64: MS17825-4; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9.5 4.5 8 -52.63% -15.79% 
2 7 4 6 -42.86% -14.29% 
3 6 4.75 5 -20.83% -16.67% 
4 5 4.5 5 -10.00% 0.00% 
5 5 4.25 4.75 -15.00% -5.00% 
6 5 4 4.75 -20.00% -5.00% 
7 4.75 4 4.75 -15.79% 0.00% 
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Table C-64 (Continued) 
8 4.5 4 4.5 -11.11% 0.00% 
9 4.5 4 4.25 -11.11% -5.56% 
10 4.5 4 4.25 -11.11% -5.56% 
11 4.5 4.25 4.5 -5.56% 0.00% 
12 4.5 4 4.25 -11.11% -5.56% 
13 4.5 4 4.5 -11.11% 0.00% 
14 4.5 4 4.5 -11.11% 0.00% 
15 4.75 3.75 4.75 -21.05% 0.00% 
Life (Cycles): 15 
Table C-65: MS17825-4; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 8 7 7.5 -12.50% -6.25% 
2 6 5 5.5 -16.67% -8.33% 
3 5.5 4.5 5.5 -18.18% 0.00% 
4 5.5 4.25 4.75 -22.73% -13.64% 
5 5.25 4.75 5 -9.52% -4.76% 
6 5 4.75 4.75 -5.00% -5.00% 
7 5 4.5 4.75 -10.00% -5.00% 
8 5 4.5 5 -10.00% 0.00% 
9 5 4.5 5 -10.00% 0.00% 
10 5 4 4.75 -20.00% -5.00% 
11 5 4.25 4.75 -15.00% -5.00% 
12 5 4.25 4.75 -15.00% -5.00% 
13 5 4 4.5 -20.00% -10.00% 
14 5 4 4.5 -20.00% -10.00% 
15 5 4.25 4.5 -15.00% -10.00% 
Life (Cycles): 15 
Table C-66: MS17825-4; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
  
1 7.5 5.75 6 -23.33% -20.00%   
2 5.5 4.75 4.75 -13.64% -13.64%   
3 4.5 4 4.25 -11.11% -5.56%   
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Table C-66 (Continued) 
4 4.25 3.5 4 -17.65% -5.88%   
5 4.25 3.5 4 -17.65% -5.88%   
6 4.25 3.5 4 -17.65% -5.88%   
7 4.25 3.5 4 -17.65% -5.88%   
8 4.25 3.5 4 -17.65% -5.88%   
9 4 3.25 4 -18.75% Y 0.00%   
10 4 3.5 4 -12.50% 0.00%   
11 4 3.5 4 -12.50% 0.00%   
12 4.5 3.5 4 -22.22% -11.11%   
13 4.25 3.5 4 -17.65% -5.88%   
14 4.25 3.5 4 -17.65% -5.88%   
15 4 3.5 4 -12.50% 0.00%   
Life (Cycles): 15   
Table C-67: MS17825-4; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9 7 7.5 -22.22% -16.67% 
2 6.5 5.5 6 -15.38% -7.69% 
3 6 5 5.5 -16.67% -8.33% 
4 5.5 5 5 -9.09% -9.09% 
5 5.25 5 5 -4.76% -4.76% 
6 5.25 5 5.25 -4.76% 0.00% 
7 5.25 5 5 -4.76% -4.76% 
8 5.25 5 5.5 -4.76% 4.76% 
9 5 4.5 5 -10.00% 0.00% 
10 5.5 5 5.25 -9.09% -4.55% 
11 5.5 4.75 5.25 -13.64% -4.55% 
12 5.25 4.75 5 -9.52% -4.76% 
13 5.5 4.5 5 -18.18% -9.09% 
14 5.25 4.5 5 -14.29% -4.76% 
15 5.25 4.5 5 -14.29% -4.76% 
Life (Cycles): 15 
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Appendix C (Continued) 
Table C-68: MS17825-4; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 8.5 6.06 7.25 -27.67% -14.68% 
2 6.25 4.81 5.56 -22.14% -10.99% 
3 5.5 4.56 5.06 -16.70% -7.64% 
4 5.06 4.31 4.69 -14.87% -7.15% 
5 4.94 4.38 4.69 -11.73% -5.10% 
6 4.88 4.31 4.69 -11.85% Y -3.97% 
7 4.81 4.25 4.63 -12.05% -3.91% 
8 4.75 4.25 4.75 -10.88% -0.28% 
9 4.63 4.06 4.56 -12.47% -1.39% 
10 4.75 4.13 4.56 -13.18% -3.78% 
11 4.75 4.19 4.63 -11.67% -2.39% 
12 4.81 4.13 4.5 -14.46% -6.61% 
13 4.81 4 4.5 -16.73% -6.24% 
14 4.75 4 4.5 -15.76% -5.16% 
15 4.75 4 4.56 -15.71% -3.69% 
 
Life (Cycles): 15 
C.4.2 66% Y Preload 
Table C-69: MS17825-4; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 7 141 6.25 6.5 -7.14% 
2 5 154 5.5 5.75 15.00% 
3 5 163 5 5 0.00% 
4 5 184 5 5 0.00% 
5 5 211 4.75 5 0.00% 
6 5 232 4.5 4.75 -5.00% 
7 4.75 240 4.25 4.5 -5.26% 
8 4.75 252 4.25 4.5 -5.26% 
9 4.5 279 4.25 4.5 0.00% 
10 4.25 270 4 4.5 5.88% 
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Table C-69 (Continued) 
11 4 251 4 4.25 6.25% 
12 4.5 250 4.5 4.5 0.00% 
13 5 240 4 4.5 -10.00% 
14 4.75 226 4.5 4.5 -5.26% 
15 4.75 181 4.25 4.5 -5.26% 
Life (Cycles): 15 
Table C-70: MS17825-4; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 7.5 144 127 5 -33.33% 
2 5.5 163 137 4.5 -18.18% 
3 5.25 166 144 4.5 -14.29% 
4 5 197 177 4.25 -15.00% 
5 4.5 214 197 4.25 -5.56% 
6 4.5 229 198 4 -11.11% 
7 4.25 250 225 3.75 -11.76% 
8 4.25 279 260 3.75 -11.76% 
9 4 281 259 3.5 -12.50% 
10 4 250 232 3.5 -12.50% 
11 4 200 230 3.25 -18.75% Y 
12 3.75 200 280 3.5 -6.67% 
13 3.75 191 278 3.5 -6.67% 
14 4 210 281 3.25 -18.75% Y 
15 3.75 220 320 3.25 -13.33% 
Life (Cycles): 11 
Table C-71: MS17825-4; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 6.75 150 135 4.5 -33.33% 
2 4.75 185 170 3.75 -21.05% 
3 4.25 217 198 3.75 -11.76% 
4 4 200 175 3.75 -6.25% 
5 4 235 215 3.75 -6.25% 
6 4 250 230 4 0.00% 
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Table C-71 (Continued) 
7 3.75 220 190 3.75 0.00% 
8 3.5 240 200 3.5 0.00% 
9 3.5 240 210 3.5 0.00% 
10 3.5 250 220 3.5 0.00% 
11 3.75 280 250 3.5 -6.67% 
12 3.75 265 230 3.5 -6.67% 
13 3.5 280 250 3.25 -7.14% 
14 3.5 280 250 3.5 0.00% 
15 3.75 300 275 3.5 -6.67% 
Life (Cycles): 13 
Table C-72: MS17825-4; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 155 135 5.25 -34.38% 
2 5.25 170 140 5 -4.76% 
3 5 195 180 4.25 -15.00% 
4 4.5 207 195 4.25 -5.56% 
5 4.5 235 215 3.75 -16.67% 
6 4.25 240 220 3.75 -11.76% 
7 4.25 260 225 3.5 -17.65% 
8 4.25 240 220 3.75 -11.76% 
9 4 260 220 3.5 -12.50% 
10 4 250 210 3.5 -12.50% 
11 4 240 210 3.5 -12.50% 
12 4 230 200 3.25 -18.75% Y 
13 3.75 280 210 3.25 -13.33% 
14 3.75 230 210 3.25 -13.33% 
15           
Life (Cycles): 12 
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Appendix C (Continued) 
Table C-73: MS17825-4; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 7.42 149.67 132.33 4.92 -33.68% 
2 5.17 172.67 149 4.42 -14.67% 
3 4.83 192.67 174 4.17 -13.68% 
4 4.5 201.33 182.33 4.08 -8.94% 
5 4.33 228 209 3.92 -9.49% 
6 4.25 239.67 216 3.92 -7.63% 
7 4.08 243.33 213.33 3.67 -9.80% 
8 4 253 226.67 3.67 -7.84% 
9 3.83 260.33 229.67 3.5 -8.33% 
10 3.83 250 220.67 3.5 -8.33% 
11 3.92 240 230 3.42 -12.64% 
12 3.83 231.67 236.67 3.42 -10.69% 
13 3.67 250.33 246 3.33 -9.05% 
14 3.75 240 247 3.33 -10.69% 
15 3.75 260 297.5 3.38 -10.00% 
Life (Cycles): 12 
C.4.3 75% Y Preload 
Table C-74: MS17825-4; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 10 180 8 8 -20.00% 
2 7 203 6 6.5 -7.14% 
3 6 214 5.5 5.5 -8.33% 
4 5.5 240 5 5 -9.09% 
5 5.5 260 4.75 5 -9.09% 
6 5.25 300 4.5 4.5 -14.29% 
7 5.25 290 4.5 5 -4.76% 
8 5 292 4 4.5 -10.00% 
9 5 292 4 4.5 -10.00% 
10 5 295 3.75 4.25 -15.00% 
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Table C-74 (Continued) 
11 4.75 290 3.75 4 -15.79% 
12 4.5 295 3.5 4 -11.11% 
13 4.5 290 3.75 4 -11.11% 
14 4.25 290 3.5 4 -5.88% 
15 4.25 292 3.75 4 -5.88% 
Life (Cycles): 15 
Table C-75: MS17825-4; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 157 140 5.25 -34.38% 
2 6 185 160 4.5 -25.00% 
3 5.5 206 178 4.75 -13.64% 
4 5 243 210 4.5 -10.00% 
5 5 244 212 4.25 -15.00% 
6 4.75 235 200 4.25 -10.53% 
7 4.5 310 250 4.25 -5.56% 
8 4.5 260 205 4 -11.11% 
9 4.75 230 200 4 -15.79% 
10 5 260 230 4 -20.00% 
11 4.5 290 230 4 -11.11% 
12 4.5 290 230 3.75 -16.67% 
13 4.25 265 220 3.75 -11.76% 
14 4 290 230 3.5 -12.50% 
15 4 250 210 3.5 -12.50% 
Life (Cycles): 15 
Table C-76: MS17825-4; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 175 145 4.25 -46.88% 
2 4.75 180 158 3.75 -21.05% 
3 4.25 180 150 3.5 -17.65% 
4 3.75 192 170 3.5 -6.67% 
5 3.75 237 210 3.25 -13.33% 
6 4 240 205 3.25 -18.75% Y 
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Table C-76 (Continued) 
7 4 235 195 3 -25.00% 
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 5 
Table C-77: MS17825-4; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 9 185 165 5 -44.44% 
2 6 205 192 4.5 -25.00% 
3 5 235 205 4 -20.00% 
4 4.5 230 202 3.75 -16.67% 
5 4 250 235 3.5 -12.50% 
6 3.75 262 250 3.5 -6.67% 
7 3.75 260 250 3.25 -13.33% 
8 3.75 273 260 3.25 -13.33% 
9 4 280 260 3.25 -18.75% Y 
10           
11           
12           
13           
14           
15           
Life (Cycles): 7 
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Appendix C (Continued) 
Table C-78: MS17825-4; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8.33 172.33 150 4.83 -41.90% 
2 5.583 190 170 4.25 -23.68% 
3 4.92 207 177.67 4.08 -17.09% 
4 4.42 221.67 194 3.92 -11.11% 
5 4.25 243.67 219 3.67 -13.61% 
6 4.17 245.67 218.33 3.67 -11.98% 
7 4.08 268.33 231.67 3.5 -14.63% 
8 4.13 266.5 156.33 3.63 -12.22% 
9 4.38 255 154.67 3.63 -17.27% 
10 5 260 116.88 4 -20.00% 
11 4.5 290 116.88 4 -11.11% 
12 4.5 290 116.75 3.75 -16.67% 
13 4.25 265 111.88 3.75 -11.76% 
14 4 290 116.75 3.5 -12.50% 
15 4 250 106.88 3.5 -12.50% 
Life (Cycles): 9 
C.4.4 85% Y Preload 
Table C-79: MS17825-4; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 11 215 6 6.5 -40.91% 
2 6 235 5 5.5 -8.33% 
3 5.5 270 4.5 5 -9.09% 
4 5 290 4 4.75 -5.00% 
5 5 310 3.75 4.75 -5.00% 
6 4.75 312 3.5 4.5 -5.26% 
7 4.75 320 3.25 4 -15.79% 
8 4.75 340 3.5 4.5 -5.26% 
9 4.5 330 3.5 4.75 5.56% 
10 5 325 3 4.5 -10.00% 
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Table C-79 (Continued) 
11 5 303 3 4.5 -10.00% 
12 4.75 300 3 4.5 -5.26% 
13           
14           
15           
Life (Cycles): 7 
Table C-80: MS17825-4; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10 184 162 5.25 -47.50% 
2 6.5 210 188 4.25 -34.62% 
3 6 235 205 4 -33.33% 
4 6 270 238 3.25 -45.83% 
5 5.75 260 235 3.25 -43.48% 
6 5.75 270 250 3.25 -43.48% 
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 4 
Table C-81: MS17825-4; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 9 200 175 5.5 -38.89% 
2 6 235 212 4 -33.33% 
3 5 270 260 4 -20.00% 
4 5 265 210 4 -20.00% 
5 5 285 270 3.75 -25.00% 
6 5 280 260 3.5 -30.00% 
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Table C-81 (Continued) 
7 5 310 280 4 -20.00% 
8 5 305 270 4 -20.00% 
9 5 310 270 4.5 -10.00% 
10 5 300 240 4.25 -15.00% 
11 5 270 207 4.5 -10.00% 
12 5.25 270 235 4.5 -14.29% 
13 5.5 310 230 5 -9.09% 
14 5 350 270 4.5 -10.00% 
15 5.5 330 280 4.5 -18.18% 
Life (Cycles): 15 
Table C-82: MS17825-4; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10 210 190 5.5 -45.00% 
2 6 260 250 5 -16.67% 
3 5.5 290 260 4.75 -13.64% 
4 5 300 275 5 0.00% 
5 5 300 290 4.75 -5.00% 
6 5.5 305 270 5 -9.09% 
7 5.5 305 255 5 -9.09% 
8 5 275 245 5 0.00% 
9 5 300 260 5 0.00% 
10 5.5 280 260 5 -9.09% 
11 5 300 250 5.5 10.00% 
12 4.5 200 150 5 11.11% 
13 5 170 145 5 0.00% 
14 4.5 180 150 4.5 0.00% 
15 4.5 200 150 4.5 0.00% 
Life (Cycles): 15 
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Appendix C (Continued) 
Table C-83: MS17825-4; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 9.67 198 175.67 5.42 -43.80% 
2 6.17 235 216.67 4.42 -28.21% 
3 5.5 265 241.67 4.25 -22.32% 
4 5.33 278.33 241 4.08 -21.94% 
5 5.25 281.67 265 3.92 -24.49% 
6 5.42 285 260 3.92 -27.52% 
7 5.25 307.5 179.42 4.5 -14.55% 
8 5 290 172.83 4.5 -10.00% 
9 5 305 177.83 4.75 -5.00% 
10 5.25 290 167.67 4.63 -12.05% 
11 5 285 153.33 5 0.00% 
12 4.88 235 129.33 4.75 -1.59% 
13 5.25 240 187.5 5 -4.55% 
14 4.75 265 210 4.5 -5.00% 
15 5 265 215 4.5 -9.09% 
Life (Cycles): 11.33 
C.4.5 Locknut Average 
Table C-84: MS17825-4; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8.47 173.33 152.67 5.06 -39.79% 
2 5.64 199.22 178.56 4.36 -22.18% 
3 5.08 221.56 197.78 4.17 -17.70% 
4 4.75 233.78 205.78 4.03 -14.00% 
5 4.61 251.11 231 3.83 -15.86% 
6 4.61 256.78 231.64 3.83 -15.71% 
7 4.47 273.06 208.139 3.89 -12.99% 
8 4.38 269.83 185.27 3.93 -10.02% 
9 4.40 273.64 187.39 3.96 -10.20% 
10 4.69 266.67 168.40 4.04 -13.46% 
11 4.47 271.67 166.74 4.14 -7.92% 
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Table C-84 (Continued) 
12 4.40 252.22 160.92 3.97 -9.65% 
13 4.39 251.78 181.79 4.02 -8.45% 
14 4.17 265 191.25 3.78 -9.40% 
15 4.25 258.33 206.45 3.79 -10.53% 
Life (Cycles): 10.78 
 
C.4.6 Lubrication Test 
Table C-85: MS17825-4 3-IN-ONE; 85% Y - Trial 5 
Trial 5 - TIO 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 4.5 122.5 80 3 -33.33% 
2 3.5 160 67.5 2.5 -28.57% 
3 3 100 60 2 -33.33% 
4           
5           
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 0 
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C.5  MS21044D4 
C.5.1 Unseated 
Table C-86: MS21044D4; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 21 16.25 18 -22.62% -14.29% 
2 16 9.5 15 -40.63% -6.25% 
3 15 12.5 13.5 -16.67% -10.00% 
4 13 10 13.5 -23.08% 3.85% Y 
5 14.5 9 13.5 -37.93% -6.90% 
6 14 10 13.5 -28.57% -3.57% 
7 14.5 10.5 12.5 -27.59% -13.79% 
8 14.5 10.25 14.5 -29.31% 0.00% 
9 14 7.5 14 -46.43% 0.00% 
10 13.5 10.5 13 -22.22% -3.70% 
11 13 11.5 12.5 -11.54% -3.85% Y 
12 13.5 9.25 13.5 -31.48% 0.00% 
13 9 8 8 -11.11% -11.11% 
14 7.5 5 5.5 -33.33% -26.67% 
15 6 4 5.5 -33.33% -8.33% 
Life (Cycles): 15 
Table C-87: MS21044D4; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 22.5 14 19.25 -37.78% -14.44% 
2 17.75 13 17.5 -26.76% -1.41% 
3 18.5 13 17.5 -29.73% -5.41% 
4 16.25 11 16 -32.31% -1.54% 
5 17.5 11.5 15 -34.29% -14.29% 
6 17 15 16.5 -11.76% -2.94% 
7 17 12.25 16.5 -27.94% -2.94% 
8 16.5 12 16.5 -27.27% 0.00% 
9 17.5 11.5 16 -34.29% -8.57% 
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Table C-87 (Continued) 
10 17 11.75 16 -30.88% -5.88% 
11 15.5 11.25 16.5 -27.42% 6.45% 
12 15 14 15 -6.67% 0.00% 
13 16 10.75 15 -32.81% -6.25% 
14 15 14 16 -6.67% 6.67% 
15 16 13 15.5 -18.75% Y -3.13% 
Life (Cycles): 15 
Table C-88: MS21044D4; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 22.5 16 21.5 -28.89% -4.44% 
2 20 14.5 20 -27.50% 0.00% 
3 17.5 15 18 -14.29% 2.86% 
4 20 13.5 17.5 -32.50% -12.50% 
5 17.5 14 18.5 -20.00% 5.71% 
6 16.5 13.5 16.5 -18.18% 0.00% 
7 15.5 12.5 16.25 -19.35% 4.84% 
8 16.5 11 16 -33.33% -3.03% 
9 16 12.5 17.5 -21.88% 9.38% 
10 17.5 12.5 15 -28.57% -14.29% 
11 15.5 14.5 15.5 -6.45% 0.00% 
12 17 13 15 -23.53% -11.76% 
13 15.5 13 14 -16.13% -9.68% 
14 13.5 14.5 14.5 7.41% 7.41% 
15 15 14.5 15 -3.33% 0.00% 
Life (Cycles): 15 
Table C-89: MS21044D4; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 23 17 21 -26.09% -8.70% 
2 19 15.5 17.5 -18.42% -7.89% 
3 18 15.5 18 -13.89% 0.00% 
4 18.5 14.5 18 -21.62% -2.70% 
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Appendix C (Continued) 
Table C-89 (Continued) 
5 18.5 13 16.5 -29.73% -10.81% 
6 18 14.5 17.5 -19.44% -2.78% 
7 17.5 13.5 16.5 -22.86% -5.71% 
8 16.5 12 16.5 -27.27% 0.00% 
9 16.5 13 16.5 -21.21% 0.00% 
10 16 16.75 16.5 4.69% 3.13% 
11 17.5 12 16 -31.43% -8.57% 
12 16.5 13.5 15.5 -18.18% -6.06% 
13 15 12 16 -20.00% 6.67% 
14 16.5 15.5 15 -6.06% -9.09% 
15 16.5 11.5 15 -30.30% -9.09% 
Life (Cycles): 15 
Table C-90: MS21044D4; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 22.25 15.81 19.94 -28.84% -10.47% 
2 18.19 13.13 17.5 -28.33% -3.89% 
3 17.25 14 16.75 -18.64% -3.14% 
4 16.94 12.25 16.25 -27.38% -3.22% 
5 17 11.88 15.88 -30.49% -6.57% 
6 16.38 13.25 16 -19.49% -2.32% 
7 16.13 12.19 15.43 -24.43% -4.40% 
8 16 11.31 15.88 -29.30% -0.76% 
9 16 11.13 16 -30.95% 0.20% 
10 16 12.88 15.13 -19.25% -5.19% 
11 15.38 12.31 15.13 -19.21% -1.49% 
12 15.5 12.43 14.75 -19.96% -4.46% 
13 13.88 10.94 13.25 -20.01% -5.09% 
14 13.13 12.25 12.75 -9.66% Y -5.42% 
15 13.38 10.75 12.75 -21.43% -5.14% 
 
Life (Cycles): 15 
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Appendix C (Continued) 
C.5.2 66% Y Preload 
Table C-91: MS21044D4; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 25 175 18.75 21.5 -14.00% 
2 21 195 16.5 18.5 -11.90% 
3 17.5 200 15 18 2.86% 
4 17.5 200 15 16.5 -5.71% 
5 17.5 200 15 17.5 0.00% 
6 17.5 197.5 12.5 15.5 -11.43% 
7 15.5 205 11.5 15 -3.23% 
8 15 215 10 16 6.67% 
9 15 220 12.5 15 0.00% 
10 15 235 12.5 15 0.00% 
11 16 242.5 13 17.5 9.38% 
12 17.5 280 12.5 17 -2.86% 
13 17.5 280 12 16 -8.57% 
14 15.5 280 11.5 14.5 -6.45% 
15 15 310 11.5 16.5 10.00% 
Life: (Cycles) 15 
Table C-92: MS21044D4; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 180 150 12.5 -44.44% 
2 20 197.5 175 11.5 -42.50% 
3 20 210 180 10.5 -47.50% 
4 20 220 182.5 9.5 -52.50% 
5 19 240 205 8.5 -55.26% 
6 18 260 225 9 -50.00% 
7 17.5 300 260 8 -54.29% 
8 17.5 325 280 8 -54.29% 
9 16 350 310 7.5 -53.13% 
10 15.5 355 290 7 -54.84% 
11 15 310 270 7 -53.33% 
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Appendix C (Continued) 
Table C-92 (Continued) 
12 15 310 255 6.5 -56.67% 
13 15 310 280 7 -53.33% 
14 15.5 300 280 6 -61.29% 
15 15 300 270 6.5 -56.67% 
Life: (Cycles) 15 
Table C-93: MS21044D4; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 27.5 190 170 13.5 -50.91% 
2 23 215 170 10.5 -54.35% 
3 20 205 180 11 -45.00% 
4 18 215 185 8 -55.56% 
5 18 220 200 9 -50.00% 
6 17 245 207.5 8 -52.94% 
7 15.5 290 240 7.5 -51.61% 
8 16.5 310 240 8 -51.52% 
9 15.5 310 270 7 -54.84% 
10 15 350 310 7.5 -50.00% 
11 17.5 400 350 7 -60.00% 
12 15.5 380 340 7 -54.84% 
13 15 310 280 7 -53.33% 
14 14.5 420 370 6.5 -55.17% 
15 15 400 370 6.75 -55.00% 
Life: (Cycles) 15 
Table C-94: MS21044D4; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20 170 145 12 -40.00% 
2 21 180 167.5 10.5 -50.00% 
3 21 205 175 11.5 -45.24% 
4 20 205 175 11 -45.00% 
5 20 210 180 9 -55.00% 
6 20 215 180 9.5 -52.50% 
 171 
 
Appendix C (Continued) 
Table C-94 (Continued) 
7 19.5 225 195 8.5 -56.41% 
8 19.5 250 210 9 -53.85% Y 
9 19 280 230 8.5 -55.26% 
10 17.5 320 310 9 -48.57% 
11 17.5 350 290 9.5 -45.71% 
12 17.5 400 370 9.5 -45.71% 
13 17.5 375 350 8 -54.29% 
14 17.5 335 280 9 -48.57% 
15 17 320 270 8.75 -48.53% 
Life: (Cycles) 15 
Table C-95: MS21044D4; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 23.33 180 155 12.67 -45.12% 
2 21.33 197.5 170.83 10.83 -48.95% 
3 20.33 206.67 178.33 11 -45.91% 
4 19.33 213.33 180.83 9.5 -51.02% 
5 19 223.33 195 8.83 -53.42% 
6 18.33 240 204.17 8.83 -51.81% 
7 17.5 271.67 231.67 8 -54.10% 
8 17.83 295 243.33 8.33 -53.22% 
9 16.83 313.33 270 7.67 -54.41% 
10 16 341.67 303.33 7.83 -51.14% 
11 16.67 353.33 303.33 7.83 -53.02% 
12 16 363.33 321.67 7.67 -52.41% 
13 15.83 331.67 214 7.33 -53.81% 
14 15.83 351.67 310 7.17 -54.93% 
15 15.67 340 303.33 7.33 -52.60% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.5.3 75% Y Preload 
Table C-96: MS21044D4; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 24.5 225 20 20.5 -16.33% 
2 20.5 220 18 19.5 -4.88% 
3 21 222.5 17.5 17 -19.05% 
4 20 220 16.5 18 -10.00% 
5 20 235 16 17.5 -12.50% 
6 18 225 15 17 -5.56% 
7 18 232.5 15.5 16 -11.11% 
8 18.5 225 15 16.5 -10.81% 
9 18 240 15 16 -11.11% 
10 19 242.5 16 15.5 -18.42% 
11 17.5 235 15 15.5 -11.43% 
12 17.5 250 14.5 15.5 -11.43% 
13 16 260 13.5 14.5 -9.38% 
14 17.5 310 13.5 15.5 -11.43% 
15 15.5 290 12.5 13.5 -12.90% 
Life: (Cycles) 15 
Table C-97: MS21044D4; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 27.5 215 185 11.5 -58.18% 
2 20.5 235 200 10.5 -48.78% 
3 19.5 235 200 10.5 -46.15% 
4 18.5 245 210 9.5 -48.65% 
5 20 255 225 10 -50.00% 
6 18 270 240 9 -50.00% 
7 18 320 260 9.5 -47.22% 
8 17.5 360 340 9 -48.57% 
9 18.5 370 310 9 -51.35% 
10 17.5 420 340 9.25 -47.14% 
11 17 420 420 9 -47.06% 
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Table C-97 (Continued) 
12 20 430 400 8.5 -57.50% 
13 17 370 310 10.75 -36.76% 
14 16.5 450 400 9 -45.45% 
15 17.5 350 300 8 -54.29% 
Life: (Cycles) 15 
Table C-98: MS21044D4; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 235 195 14.5 -35.56% 
2 21.5 230 195 12 -44.19% 
3 21.5 237.5 210 10 -53.49% 
4 19.5 250 220 8.5 -56.41% 
5 18.5 270 235 10.5 -43.24% 
6 17.5 315 280 7.5 -57.14% 
7 17 340 280 7.75 -54.41% 
8 17 420 335 8.5 -50.00% 
9 17.5 425 400 8 -54.29% 
10 17 360 300 8.5 -50.00% 
11 15.5 350 300 9.5 -38.71% 
12 17 345 305 7.5 -55.88% 
13 15 340 310 8 -46.67% 
14 17.5 355 305 8 -54.29% 
15 15.5 340 300 9 -41.94% 
Life: (Cycles) 15 
Table C-99: MS21044D4; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20 212.5 175 9 -55.00% 
2 17.5 230 195 8 -54.29% 
3 18 255 207.5 7.25 -59.72% 
4 18 260 220 7 -61.11% 
5 17.5 285 240 7.5 -57.14% 
6 17 335 270 10 -41.18% 
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Table C-99 (Continued) 
7 16 385 340 7.5 -53.13% 
8 18 420 340 6.25 -65.28% 
9 17.5 420 380 6 -65.71% 
10 15 360 280 7 -53.33% 
11 17.5 430 380 7 -60.00% 
12 15 420 390 7.5 -50.00% 
13 14.5 350 305 8.5 -41.38% 
14 15 345 305 6 -60.00% 
15 14 355 320 6 -57.14% 
Life: (Cycles) 15 
Table C-100: MS21044D4; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 23.33 220.83 185 11.67 -49.58% 
2 19.83 231.67 196.67 10.17 -49.08% 
3 19.67 242.5 205.83 9.25 -53.12% 
4 18.67 251.67 216.67 8.33 -55.39% 
5 18.67 270 233.33 9.33 -50.13% 
6 17.5 306.67 263.33 8.83 -49.44% 
7 17 348.33 293.33 8.25 -51.59% 
8 17.5 400 338.33 7.92 -54.62% 
9 17.83 405 363.33 7.67 -57.12% 
10 16.5 380 306.67 8.25 -50.16% 
11 16.67 400 366.67 8.5 -48.59% 
12 17.33 398.33 365 7.83 -54.46% 
13 15.5 353.33 308.33 9.08 -41.60% 
14 16.33 383.33 336.67 7.67 -53.25% 
15 15.67 348.33 306.67 7.67 -51.12% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.5.4 85% Y Preload 
Table C-101: MS21044D4; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 23 290 19.5 20.25 -11.96% 
2 20 280 18 17.5 -12.50% 
3 19 280 17.5 18 -5.26% 
4 19.5 320 16 17 -12.82% 
5 18 360 16 17 -5.56% 
6 19 390 15 16.5 -13.16% 
7 19 380 15 18 -5.26% 
8 17.5 365 14.5 15 -14.29% 
9 18 385 13 13.5 -25.00% 
10 16 380 13 13.5 -15.63% 
11 17 380 12.5 13 -23.53% 
12 16 370 14 16.5 3.13% 
13 17 370 12.5 13.5 -20.59% 
14 16 380 12.5 13.5 -15.63% 
15 15.5 360 12 13 -16.13% 
Life: (Cycles) 15 
Table C-102: MS21044D4; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 235 200 11 -51.11% 
2 18 250 200 9.5 -47.22% 
3 18 260 220 8 -55.56% 
4 16 270 230 7.5 -53.13% 
5 16 290 250 8.5 -46.88% 
6 17 320 280 8 -52.94% 
7 17 340 300 8 -52.94% 
8 16 350 300 8.5 -46.88% 
9 16 480 440 9.5 -40.63% 
10 16 370 330 10 -37.50% 
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Appendix C (Continued) 
Table C-102 (Continued) 
11 17 480 460 11.5 -32.35% 
12 18 380*       
13           
14           
15           
*Bolt Failed Life: (Cycles) 11 
Table C-103: MS21044D4; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22 250 230 11 -50.00% 
2 19 280 250 8.5 -55.26% 
3 17.5 310 260 8 -54.29% 
4 18 360 290 6.25 -65.28% 
5 16 380 320 7 -56.25% 
6 16 360 320 7 -56.25% 
7 17.5 480 440 8.5 -51.43% 
8 16 370 320 6.5 -59.38% 
9 15 400 350 7.5 -50.00% 
10 15.5 390 350 8.5 -45.16% 
11 14.5 390 360 5 -65.52% 
12 14.5 370 340 6 -58.62% 
13 12.5 370 350 8.5 -32.00% 
14 13.5 400 350 10 -25.93% 
15 16.5 375 340 11 -33.33% 
Life: (Cycles) 15 
Table C-104: MS21044D4; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 25 250 210 12.5 -50.00% 
2 22.5 250 220 10 -55.56% 
3 18 250 230 11 -38.89% 
4 17.5 270 220 9 -48.57% 
5 17.5 260 230 8.5 -51.43% 
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Table C-104 (Continued) 
6 17.5 280 250 8 -54.29% 
7 16 280 330 7 -56.25% 
8 15 350 300 7 -53.33% 
9 14.5 380 330 6.5 -55.17% 
10 16 380 330 7 -56.25% 
11 16 380 340 6.5 -59.38% 
12 15 380 350 7 -53.33% 
13 17.5 390 340 7.5 -57.14% 
14 15 380 340 8.5 -43.33% 
15 15 360 340 9.5 -36.67% 
Life: (Cycles) 15 
Table C-105: MS21044D4; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 23.17 245 213.33 11.5 -50.37% 
2 19.83 260 223.33 9.33 -52.68% 
3 17.83 273.33 236.67 9 -49.58% 
4 17.17 300 246.67 7.583 -55.66% Y 
5 16.5 310 266.67 8 -51.52% 
6 16.83 320 283.33 7.67 -54.49% 
7 16.83 366.67 356.67 7.83 -53.54% 
8 15.67 356.67 306.67 7.33 -53.19% 
9 15.17 420 373.33 7.83 -48.60% 
10 15.83 380 336.67 8.5 -46.30% 
11 15.83 416.67 386.67 7.67 -52.42% 
12 15.83 375 345 6.5 -55.98% 
13 15 380 345 8 -44.57% 
14 14.25 390 345 9.25 -34.63% 
15 15.75 367.5 340 10.25 -35.00% 
Life: (Cycles) 13.67 
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Appendix C (Continued) 
C.5.5 Locknut Average 
Table C-106: MS21044D4; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 23.27 215.27 184.64 11.94 -48.36% 
2 20.33 229.72 196.94 10.11 -50.24% 
3 19.27 240.83 206.94 9.75 -49.54% 
4 18.39 255 214.72 8.472 -54.02% 
5 18.06 267.78 231.67 8.72 -51.69% 
6 17.56 288.89 250.27 8.64 -51.92% 
7 17.111 328.89 293.89 8.028 -53.08% 
8 17 350.56 296.11 7.86 -53.68% 
9 16.61 379.64 335.56 7.72 -53.38% 
10 16.111 367.22 315.56 8.19 -49.20% 
11 16.39 390 352.22 8 -51.34% 
12 16.39 378.89 343.89 7.33 -54.28% 
13 15.44 355 318.89 8.14 -46.61% 
14 15.47 375 330.56 8.03 -47.63% 
15 15.69 351.94 316.67 8.42 -46.51% 
Life: (Cycles) 14.56 
 
C.6 MS21044D4 with Lubrication 
C.6.1 Unseated – Lubricated 
Table C-107: MS21044D4 Braycote; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9 7 7.5 -22.22% -16.67% 
2 6.5 5.25 5.75 -19.23% -11.54% 
3 6.25 5.25 6.25 -16.00% 0.00% 
4 6.25 5.25 6.5 -16.00% 4.00% 
5 6.25 5.5 6.5 -12.00% 4.00% 
6 6.5 6 6.75 -7.69% 3.85% Y 
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Table C-107 (Continued) 
7 7 6.5 7 -7.14% 0.00% 
8 7 7 7.5 0.00% 7.14% 
9 6.75 6.25 7 -7.41% 3.70% 
10 7.25 6.75 7.25 -6.90% 0.00% 
11 7 6.25 7 -10.71% 0.00% 
12 7.5 6.25 7.75 -16.67% 3.33% 
13 7.25 6.25 7 -13.79% -3.45% 
14 7 6 7 -14.29% 0.00% 
15 7.5 6.5 7.25 -13.33% -3.33% 
Life (Cycles): 15 
Table C-108: MS21044D4 Braycote; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 6 6 6.5 0.00% 8.33% 
2 5 5 5.5 0.00% 10.00% 
3 5.75 5.5 5.5 -4.35% -4.35% 
4 5.5 5.25 5.5 -4.55% 0.00% 
5 5.5 5.5 6.5 0.00% 18.18% 
6 5.25 5.25 5.5 0.00% 4.76% 
7 6 5.5 6 -8.33% 0.00% 
8 5.75 6 5.5 4.35% -4.35% 
9 5.5 5.5 5.5 0.00% 0.00% 
10 5.5 5 5.5 -9.09% 0.00% 
11 6.75 6 6.75 -11.11% 0.00% 
12 6.5 5.75 6.5 -11.54% 0.00% 
13 7 5.5 6 -21.43% -14.29% 
14 6 5.5 6.25 -8.33% 4.17% 
15 5.75 5.5 6 -4.35% 4.35% 
Life (Cycles): 15 
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Table C-109: MS21044D4 Braycote; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 7.5 6.75 7.25 -10.00% -3.33% 
2 5.5 5 6 -9.09% 9.09% 
3 5.5 5.5 5.75 0.00% 4.55% 
4 5 4.75 5.5 -5.00% 10.00% 
5 5.5 5.5 5.5 0.00% 0.00% 
6 6 5.5 6 -8.33% 0.00% 
7 6.5 6.5 7.25 0.00% 11.54% 
8 7.25 6.25 6.75 -13.79% -6.90% 
9 7.5 6 7 -20.00% -6.67% 
10 7 6.25 6.5 -10.71% -7.14% 
11 7 6 7 -14.29% 0.00% 
12 7 5.75 7 -17.86% 0.00% 
13 6.5 5.75 6.25 -11.54% -3.85% Y 
14 6.75 5.75 7 -14.81% 3.70% 
15 6.5 5.5 7 -15.38% 7.69% 
Life (Cycles): 15 
Table C-110: MS21044D4 Braycote; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 5.5 5.5 6 0.00% 9.09% 
2 5 5 5.5 0.00% 10.00% 
3 5 5.25 5.5 5.00% 10.00% 
4 6 5 6.5 -16.67% 8.33% 
5 5.5 5 6.5 -9.09% 18.18% 
6 6 4.75 5.75 -20.83% -4.17% 
7 5.5 5.5 5.75 0.00% 4.55% 
8 5.5 5.25 6.25 -4.55% 13.64% 
9 6.5 5 6.5 -23.08% 0.00% 
10 5.5 5.25 6.5 -4.55% 18.18% 
11 5.75 5.5 5.75 -4.35% 0.00% 
12 6.25 5.5 6.25 -12.00% 0.00% 
13 6.25 5.25 6.75 -16.00% 8.00% 
14 6.5 5.5 7 -15.38% 7.69% 
15 6 5.5 6.5 -8.33% 8.33% 
Life (Cycles): 15 
 181 
 
Appendix C (Continued) 
Table C-111: MS21044D4 Braycote; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 7 6.31 6.81 -8.06% -0.64% 
2 5.5 5.06 5.69 -7.08% 4.39% 
3 5.63 5.38 5.75 -3.84% 2.55% 
4 5.69 5.06 6 -10.55% 5.58% 
5 5.69 5.38 6.25 -5.27% 10.09% 
6 5.94 5.38 6 -9.21% 1.11% 
7 6.25 6 6.5 -3.87% 4.02% 
8 6.38 6.13 6.5 -3.50% 2.38% 
9 6.56 5.69 6.5 -12.62% -0.74% 
10 6.31 5.81 6.43 -7.81% 2.76% 
11 6.63 5.94 6.63 -10.11% 0.00% 
12 6.81 5.81 6.88 -14.52% 0.83% 
13 6.75 5.69 6.5 -15.69% -3.40% 
14 6.56 5.69 6.81 -13.20% 3.89% 
15 6.44 5.75 6.69 -10.35% 4.26% 
 
Life (Cycles): 15 
C.6.2 66% Y Preload – Lubricated 
Table C-112: MS21044D4 Braycote; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 12 101 5 5 -58.33% 
2 5.5 111 5.5 5.5 0.00% 
3 5 130 6 7 40.00% 
4 7 156 7 7.2 2.86% 
5 6.5 160 7 7.5 15.38% 
6 7 167 6.5 6.5 -7.14% 
7 6.25 167 6 6.5 4.00% 
8 6 170 6.25 6.5 8.33% 
9 6.5 167 6.5 6 -7.69% 
10 6.25 166 6 6.25 0.00% 
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Table C-112 (Continued) 
11 6 161 5.75 6 0.00% 
12 5.75 168 6 6 4.35% 
13 5.5 170 6 6.25 13.64% 
14 6 175 6.25 6.5 8.33% 
15 6 170 5.75 5.75 -4.17% 
Life: (Cycles) 15 
Table C-113: MS21044D4 Braycote; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13.75 110 89 7.5 -45.45% 
2 7 136 111 5.5 -21.43% 
3 6.25 155 134 5.5 -12.00% 
4 6.25 168 148 5.75 -8.00% 
5 5.75 169 149 5.2 -9.57% 
6 5.75 171 145 5 -13.04% 
7 5.5 171 150 5 -9.09% 
8 5.5 173 144 4.9 -10.91% 
9 5.5 175 154 4.75 -13.64% 
10 5.25 177 154 4.5 -14.29% 
11 5 178 158 4.25 -15.00% 
12 4.75 181 156 4 -15.79% 
13 4.75 187 165 4 -15.79% 
14 4.75 185 167 3.5 -26.32% 
15 4.75 194 166 3.75 -21.05% 
Life: (Cycles) 15 
Table C-114: MS21044D4 Braycote; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13 119 90 6 -53.85% Y 
2 6.5 152 125 6.25 -3.85% Y 
3 7.5 160 133 6 -20.00% 
4 6 162 130 5.5 -8.33% 
5 5.5 180 155 4.75 -13.64% 
6 5.25 195 160 4.75 -9.52% 
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Table C-114 (Continued) 
7 5.25 190 160 4.5 -14.29% 
8 5.25 185 165 4.5 -14.29% 
9 4.25 192 170 4 -5.88% 
10 3.75 190 170 3 -20.00% 
11 4 210 180 3.25 -18.75% Y 
12 4 212 190 3.25 -18.75% Y 
13           
14           
15           
Life: (Cycles) 10 
Table C-115: MS21044D4 Braycote; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13.5 145 110 6 -55.56% 
2 6 150 125 6 0.00% 
3 6 180 150 5 -16.67% 
4 5.5 170 145 4.75 -13.64% 
5 4.75 170 145 4.75 0.00% 
6 5.5 170 145 4.75 -13.64% 
7 5.5 172 150 5 -9.09% 
8 5.25 175 155 4.5 -14.29% 
9 5 180 157 4.5 -10.00% 
10 5.25 175 155 4.5 -14.29% 
11 5.25 176 151 4.5 -14.29% 
12 5.25 180 162 4.25 -19.05% 
13 5.25 180 155 4 -23.81% 
14 5.25 180 155 4 -23.81% 
15 5 180 160 4 -20.00% 
Life: (Cycles) 15 
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Table C-116: MS21044D4 Braycote; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13.42 124.67 96.33 6.5 -51.62% 
2 6.5 146 120.33 5.92 -8.42% 
3 6.58 165 139 5.5 -16.22% 
4 5.92 166.67 141 5.33 -9.99% 
5 5.33 173 149.67 4.9 -7.73% 
6 5.5 178.67 150 4.83 -12.07% 
7 5.42 177.67 153.33 4.83 -10.82% 
8 5.33 177.67 154.67 4.63 -13.16% 
9 4.92 182.33 160.33 4.42 -9.84% 
10 4.75 180.67 159.67 4 -16.19% 
11 4.75 188 163 4 -16.01% 
12 4.67 191 169.33 3.83 -17.86% 
13 5 183.5 108.67 4 -19.80% 
14 5 182.5 161 3.75 -25.06% 
15 4.88 187 163 3.88 -20.53% 
Life: (Cycles) 13.33 
C.6.3 75% Y Preload – Lubricated 
Table C-117: MS21044D4 Braycote; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 12.1 136 6 6.25 -48.35% 
2 7.5 170 5.5 6.5 -13.33% 
3 6.75 190 5.25 5.75 -14.81% 
4 6.5 201 5.75 5.5 -15.38% 
5 6 205 5.5 5.75 -4.17% 
6 6.25 190 5.75 5.75 -8.00% 
7 6 188 5.25 5.5 -8.33% 
8 5.5 190 5.25 5.25 -4.55% 
9 5.75 190 5 5 -13.04% 
10 6 189 5.25 5.5 -8.33% 
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Table C-117 (Continued) 
11 6 191 5.25 5.25 -12.50% 
12 5.75 189 5.25 5 -13.04% 
13 5.5 197 5 5 -9.09% 
14 5.5 205 4.75 5 -9.09% 
15 5.5 192 4.5 4.75 -13.64% 
Life: (Cycles) 15 
Table C-118: MS21044D4 Braycote; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12 130 102 6 -50.00% 
2 5.5 135 113 5.5 0.00% 
3 5.25 169 143 5.5 4.76% 
4 5.5 180 155 4.5 -18.18% 
5 5 190 154 4.25 -15.00% 
6 4.75 186 154 4.25 -10.53% 
7 4.75 187 161 4 -15.79% 
8 4.5 195 170 4 -11.11% 
9 4.5 205 180 3.75 -16.67% 
10 4.75 204 176 3.75 -21.05% 
11 4.5 199 171 3.5 -22.22% 
12 4.25 194 168 3.5 -17.65% 
13 4.25 193 175 3 -29.41% 
14 4.25 196 180 3.25 -23.53% 
15 4.25 194 170 3.25 -23.53% 
Life: (Cycles) 13 
Table C-119: MS21044D4 Braycote; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13 140 108 7 -46.15% 
2 7 157 132 6 -14.29% 
3 7 180 155 5.75 -17.86% 
4 7 190 165 5 -28.57% 
5 6.5 184 160 5 -23.08% 
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Table C-119 (Continued) 
6 6.5 180 160 5 -23.08% 
7 5 190 165 4.25 -15.00% 
8 4.75 190 163 4 -15.79% 
9 4.75 185 163 4 -15.79% 
10 4.75 190 160 4 -15.79% 
11 4.75 190 165 3.75 -21.05% 
12 4.5 195 170 3.5 -22.22% 
13 4 190 165 3.25 -18.75% Y 
14 4 185 167 3 -25.00% 
15 3.75 190 170 3 -20.00% 
Life: (Cycles) 13 
Table C-120: MS21044D4 Braycote; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 11.5 115 90 6 -47.83% 
2 5.5 135 110 5.5 0.00% 
3 5 150 120 4.5 -10.00% 
4 4 155 130 3.75 -6.25% 
5 4 170 150 3.75 -6.25% 
6 3.5 180 150 4 14.29% 
7 3.75 185 160 3.75 0.00% 
8 4 176 155 4 0.00% 
9 4 180 165 3.5 -12.50% 
10 4 180 163 4 0.00% 
11 4.5 183 164 3.5 -22.22% 
12 4.25 190 160 3.5 -17.65% 
13 4 190 158 3 -25.00% 
14 3.75 195 165 3 -20.00% 
15 3.5 188 160 3 -14.29% 
Life: (Cycles) 13 
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Table C-121: MS21044D4 Braycote; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12.17 128.33 100 6.33 -47.99% 
2 6 142.33 118.33 5.67 -4.76% 
3 5.75 166.33 139.33 5.25 -7.70% 
4 5.5 175 150 4.42 -17.67% 
5 5.17 181.33 154.67 4.33 -14.78% 
6 4.92 182 154.67 4.42 -6.44% 
7 4.5 187.33 162 4 -10.26% 
8 4.42 187 162.67 4 -8.97% 
9 4.42 190 169.33 3.75 -14.99% 
10 4.5 191.33 166.33 3.92 -12.28% 
11 4.583 190.67 166.67 3.58 -21.83% 
12 4.33 193 166 3.5 -19.17% 
13 4.08 191 166 3.08 -24.39% 
14 4 192 170.67 3.08 -22.84% 
15 3.83 190.67 166.67 3.08 -19.27% 
Life: (Cycles) 13 
C.6.4 85% Y Preload – Lubricated 
Table C-122: MS21044D4 Braycote; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 11 150 6.75 6.5 -40.91% 
2 5.75 185 5.5 5.25 -8.70% 
3 5 220 5.75 5.5 10.00% 
4 4.75 227 5 5.25 10.53% 
5 4.75 245 4.75 5 5.26% 
6 4.5 248 4.75 5 11.11% 
7 4.5 255 4.25 4.5 0.00% 
8 4.5 260 4.5 4.5 0.00% 
9 4.25 250 4 4 -5.88% 
10 5 270 4.25 4.5 -10.00% 
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Table C-122 (Continued) 
11 5 288 4.25 4.5 -10.00% 
12 5 300 4.25 4.5 -10.00% 
13 5 300 4.5 5 0.00% 
14 4.75 280 4 4 -15.79% 
15 4.75 282 4 4.25 -10.53% 
Life: (Cycles) 15 
Table C-123: MS21044D4 Braycote; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 11 153 120 7.75 -29.55% 
2 7 195 105 6.5 -7.14% 
3 7.25 250 203 6 -17.24% 
4 7 292 260 6 -14.29% 
5 6.75 350 289 5.5 -18.52% 
6 6.5 350 285 5.75 -11.54% 
7 5.5 360 320 4.75 -13.64% 
8 5.5 330 295 4.25 -22.73% 
9 5.5 335 320 4 -27.27% 
10 5 360 320 4 -20.00% 
11 5 380 335 3.5 -30.00% 
12 4.75 390 340 3.5 -26.32% 
13 4.5 400 350 3.5 -22.22% 
14 4.5 400 340 3.25 -27.78% 
15 4.5 390 335 3 -33.33% 
Life: (Cycles) 14 
Table C-124: MS21044D4 Braycote; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing (in-
lbs) 
Percent 
Difference 
Removal 
1 11.5 157 127 7 -39.13% 
2 6.5 225 180 5.5 -15.38% 
3 5.5 218 177 5 -9.09% 
4 5.5 210 173 4 -27.27% 
5 5 241 190 4 -20.00% 
6 4.75 280 260 3.75 -21.05% 
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Table C-124 (Continued) 
7 4.75 320 280 3.5 -26.32% 
8 4.75 320 290 3.25 -31.58% 
9 4.25 310 299 3 -29.41% 
10 4.25 330 300 2.75 -35.29% 
11           
12           
13           
14           
15           
Life: (Cycles) 8 
Table C-125: MS21044D4 Braycote; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13.5 177 140 6 -55.56% 
2 6 200 145 5.5 -8.33% 
3 5.5 245 183 4.5 -18.18% 
4 4.75 270 230 4 -15.79% 
5 4 270 215 3.75 -6.25% 
6 4 320 260 3.75 -6.25% 
7 4.25 360 320 3.75 -11.76% 
8 4.25 375 330 3.75 -11.76% 
9 4.25 340 270 3.5 -17.65% 
10 4.25 370 330 3.75 -11.76% 
11 4.25 360 320 3.5 -17.65% 
12 4.5 390 330 3.25 -27.78% 
13 4.5 350 330 3 -33.33% 
14 4.75 365 330 3 -36.84% 
15           
Life: (Cycles) 12 
 
 
 
 
 190 
 
Appendix C (Continued) 
Table C-126: MS21044D4 3-IN-ONE; 85% Y - Trial 5 
Trial 5 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 13 175 137.5 7 -46.15% 
2 9.5 170 137.5 6 -36.84% 
3 9.5 180 150 5.5 -42.11% 
4 8 170 140 5.5 -31.25% 
5 8 170 145 6 -25.00% 
6 7 160 135 5 -28.57% 
7 7 145 117.5 5 -28.57% 
8 7 155 120 4 -42.86% 
9 8 147.5 120 4.75 -40.63% 
10 7 175 145 4.75 -32.14% 
11 6.75 160 135 4.75 -29.63% 
12 7 165 140 5.5 -21.43% 
13 6 165 140 5 -16.67% 
14 6 162.5 137.5 5 -16.67% 
15 6.5 152.5 130 5 -23.08% 
Life: (Cycles) 15 
Table C-127: MS21044D4 Braycote; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12 162.33 129 6.92 -41.41% 
2 6.5 206.67 143.33 5.83 -10.29% 
3 6.08 237.67 187.67 5.17 -14.84% 
4 5.75 257.33 221 4.67 -19.12% 
5 5.25 287 231.33 4.42 -14.92% 
6 5.08 316.67 268.33 4.42 -12.95% 
7 4.83 346.67 306.67 4 -17.24% 
8 4.83 341.67 305 3.75 -22.02% 
9 4.67 328.33 296.33 3.5 -24.78% 
10 4.5 353.33 316.67 3.5 -22.35% 
11 4.63 370 327.5 3.5 -23.82% 
12 4.63 390 335 3.38 -27.05% 
13 4.5 375 340 3.25 -27.78% 
14 4.63 382.5 335 3.13 -32.31% 
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Table C-127 (Continued) 
15 4.5 390 335 3 -33.33% 
Life: (Cycles) 11.33 
C.6.5 Locknut Average – Lubricated 
Table C-128: MS21044D4 Braycote; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12.53 138.64 108.64 6.58 -47.01% 
2 6.33 165 127.33 5.81 -7.82% 
3 6.14 189.67 155.33 5.31 -12.92% 
4 5.72 199.62 170.67 4.81 -15.59% 
5 5.25 213.78 178.56 4.55 -12.48% 
6 5.17 225.78 191 4.56 -10.48% 
7 4.92 237.21 207.33 4.28 -12.77% 
8 4.861 235.64 207.64 4.13 -14.72% 
9 4.67 233.56 208.67 3.89 -16.53% 
10 4.583 241.78 214.22 3.81 -16.94% 
11 4.65 249.56 219.06 3.69 -20.56% 
12 4.54 258 223.64 3.56 -21.36% 
13 4.53 249.83 204.89 3.64 -23.99% 
14 4.54 252.33 222.22 3.32 -26.74% 
15 4.40 255.89 221.56 3.32 -24.38% 
Life: (Cycles) 12.56 
 
 
 
 
 
 
 
 192 
 
Appendix C (Continued) 
C.7 NAS1021N4 
C.7.1 Unseated 
Table C-129: NAS1021N4; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 22.5 17.5 21 -22.22% -6.67% 
2 19 13.5 18 -28.95% -5.26% 
3 17 12.5 17 -26.47% 0.00% 
4 16 12 14.5 -25.00% -9.38% 
5 16.5 11 16 -33.33% -3.03% 
6 16.5 11.75 16.5 -28.79% 0.00% 
7 17 12 16 -29.41% -5.88% 
8 16 11.25 15 -29.69% -6.25% 
9 15.5 11.5 15 -25.81% -3.23% 
10 15.5 11.5 15 -25.81% -3.23% 
11 15.5 10.5 14 -32.26% -9.68% 
12 14.5 10.75 14 -25.86% -3.45% 
13 15 10.5 14 -30.00% -6.67% 
14 14.5 10 14 -31.03% -3.45% 
15 14.5 10.75 13.5 -25.86% -6.90% 
Life (Cycles): 15 
Table C-130: NAS1021N4; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 21.5 17 20 -20.93% -6.98% 
2 18.5 13.5 17 -27.03% -8.11% 
3 16 11 18 -31.25% 12.50% 
4 16.5 11 16.5 -33.33% 0.00% 
5 15 10.75 15 -28.33% 0.00% 
6 15.25 10.5 15 -31.15% -1.64% 
7 15.5 10.5 15 -32.26% -3.23% 
8 15.5 10.5 14.5 -32.26% -6.45% 
9 15 10 14 -33.33% -6.67% 
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Table C-130 (Continued) 
10 15 9.5 14.5 -36.67% -3.33% 
11 15 8.5 14.5 -43.33% -3.33% 
12 14 9 14 -35.71% 0.00% 
13 12.5 8 13.5 -36.00% 8.00% 
14 13 8 13.5 -38.46% 3.85% Y 
15 13 8 13.5 -38.46% 3.85% Y 
Life (Cycles): 15 
Table C-131: NAS1021N4; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 22.5 16.5 20 -26.67% -11.11% 
2 19 14.5 17.5 -23.68% -7.89% 
3 17.5 16.5 18 -5.71% 2.86% 
4 18 13.25 15.5 -26.39% -13.89% 
5 17 13 15.5 -23.53% -8.82% 
6 16.5 12.75 16 -22.73% -3.03% 
7 17.5 12.5 16 -28.57% -8.57% 
8 16 12.5 16 -21.88% 0.00% 
9 16.5 11 15 -33.33% -9.09% 
10 16 11.5 15.5 -28.13% -3.13% 
11 16 11.5 16 -28.13% 0.00% 
12 15.5 10.5 15.5 -32.26% 0.00% 
13 15.5 11.5 15 -25.81% -3.23% 
14 15.5 11 14.5 -29.03% -6.45% 
15 15 11.5 15.5 -23.33% 3.33% 
Life (Cycles): 15 
Table C-132: NAS1021N4; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 20 15.75 17.5 -21.25% -12.50% 
2 17 12.5 15 -26.47% -11.76% 
3 15.5 12 15.5 -22.58% 0.00% 
4 15.5 11.5 15 -25.81% -3.23% 
5 15 11 14.5 -26.67% -3.33% 
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Table C-132 (Continued) 
6 15.5 10.5 14.5 -32.26% -6.45% 
7 15 10 14 -33.33% -6.67% 
8 14 10.25 13.5 -26.79% -3.57% 
9 15 10.5 13.5 -30.00% -10.00% 
10 13 9.5 13.5 -26.92% 3.85% Y 
11 14 9.5 14 -32.14% 0.00% 
12 13.5 9.5 13 -29.63% -3.70% 
13 13.5 9 13 -33.33% -3.70% 
14 12.5 7.5 13 -40.00% 4.00% 
15 14 9 13.5 -35.71% -3.57% 
Life (Cycles): 15 
Table C-133: NAS1021N4; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 21.63 16.69 19.63 -22.77% -9.31% 
2 18.38 13.5 16.88 -26.53% -8.26% 
3 16.5 13 17.13 -21.50% 3.84% 
4 16.5 11.94 15.38 -27.63% -6.62% 
5 15.88 11.44 15.25 -27.97% -3.80% 
6 15.94 11.38 15.5 -28.73% -2.78% 
7 16.25 11.25 15.25 -30.89% -6.09% 
8 15.38 11.13 14.75 -27.65% -4.07% 
9 15.5 10.75 14.38 -30.62% -7.25% 
10 14.88 10.5 14.63 -29.38% -1.46% 
11 15.13 10 14.63 -33.96% -3.25% 
12 14.38 9.94 14.13 -30.87% -1.79% 
13 14.13 9.75 13.88 -31.28% -1.40% 
14 13.88 9.13 13.75 -34.63% -0.51% 
15 14.13 9.81 14 -30.84% -0.82% 
 
Life (Cycles): 15 
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Appendix C (Continued) 
C.7.2 66% Y Preload 
Table C-134: NAS1021N4; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 17.5 145 12.5 19.5 11.43% 
2 19 147.5 12.5 18.5 -2.63% 
3 17.5 160 12 19 8.57% 
4 18 162.25 14 17.5 -2.78% 
5 20 175 14 20 0.00% 
6 20 175 16.5 19.5 -2.50% 
7 20 170 16.25 21 5.00% 
8 20.5 175 17 20 -2.44% 
9 19 185 16 18 -5.26% 
10 20 185 16 17 -15.00% 
11 19 200 16 16 -15.79% 
12 19 215 15 17 -10.53% 
13 20 230 12 17.5 -12.50% 
14 17.5 265 13 17 -2.86% 
15 17 250 13 18 5.88% 
Life: (Cycles) 15 
Table C-135: NAS1021N4; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 175 162.5 15.5 -31.11% 
2 20 207.25 205 12.5 -37.50% 
3 18.5 245 245 10.5 -43.24% 
4 17.5 250 240 11 -37.14% 
5 16 276 260 10.25 -35.94% 
6 16 270 260 9.75 -39.06% 
7 15.5 275 265 10 -35.48% 
8 16 280 280 9 -43.75% Y 
9 15.5 280 270 10 -35.48% 
10 16 275 300 9.5 -40.63% 
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Appendix C (Continued) 
Table C-135 (Continued) 
11 16 270 285 9 -43.75% Y 
12 16 280 260 9 -43.75% Y 
13 15.5 270 250 8.25 -46.77% 
14 15 260 220 9.75 -35.00% 
15 15 275 240 10 -33.33% 
Life: (Cycles) 15 
Table C-136: NAS1021N4; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 165 150 11.25 -50.00% 
2 19.5 195 175 9 -53.85% Y 
3 17.5 225 235 9.25 -47.14% 
4 17.5 260 250 9 -48.57% 
5 17 290 260 8.75 -48.53% 
6 15 280 250 9.5 -36.67% 
7 14.5 285 255 8 -44.83% 
8 16 290 260 8 -50.00% 
9 15 270 250 8.5 -43.33% 
10 15.5 300 250 7.5 -51.61% 
11 15 250 250 8.5 -43.33% 
12 15 280 230 7.5 -50.00% 
13 15 280 250 7.5 -50.00% 
14 14.5 280 230 7.5 -48.28% 
15 15 280 250 7 -53.33% 
Life: (Cycles) 15 
Table C-137: NAS1021N4; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19 172.5 170 14 -26.32% 
2 17.5 225 200 10.5 -40.00% 
3 17.5 270 250 9 -48.57% 
4 16 260 250 10.5 -34.38% 
5 16 275 255 9.5 -40.63% 
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Table C-137 (Continued) 
6 15.5 280 250 9 -41.94% 
7 14.5 280 260 8.75 -39.66% Y 
8 15 260 250 9 -40.00% 
9 15 265 260 8.5 -43.33% 
10 14.5 255 220 8.25 -43.10% 
11 15 270 230 8.5 -43.33% 
12 14 260 230 8.25 -41.07% 
13 14.5 250 220 8.5 -41.38% 
14 14.5 250 225 8.75 -39.66% Y 
15 14.5 240 240 9 -37.93% 
Life: (Cycles) 15 
Table C-138: NAS1021N4; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 21.33 170.83 160.83 13.583 -35.81% 
2 19 209.08 193.33 10.67 -43.78% 
3 17.83 246.67 243.33 9.58 -46.32% 
4 17 256.67 246.67 10.17 -40.03% 
5 16.33 280.33 258.33 9.5 -41.70% 
6 15.5 276.67 253.33 9.42 -39.22% 
7 14.83 280 260 8.92 -39.99% 
8 15.67 276.67 263.33 8.67 -44.58% 
9 15.17 271.67 260 9 -40.72% 
10 15.33 276.67 256.67 8.42 -45.11% 
11 15.33 263.33 255 8.67 -43.47% 
12 15 273.33 240 8.25 -44.94% 
13 15 266.67 240 8.08 -46.05% 
14 14.67 263.33 225 8.67 -40.98% 
15 14.83 265 243.33 8.67 -41.53% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.7.3 75% Y Preload 
Table C-139: NAS1021N4; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 21 205 18 21 0.00% 
2 20 215 13 16.5 -17.50% 
3 17.5 240 11.5 14 -20.00% 
4 15 260 10 15 0.00% 
5 16 280 9 14 -12.50% 
6 15.5 290 13 13 -16.13% 
7 15.5 300 12 14 -9.68% 
8 14 290 11.5 13 -7.14% 
9 15 320 11 12.5 -16.67% 
10 14 310 12 12.5 -10.71% 
11 14.5 330 11.5 13.5 -6.90% 
12 14 320 11.5 12 -14.29% 
13 13 300 3 9 -30.77% 
14 12.5 310 11 12.5 0.00% 
15 12.5 300 11 12 -4.00% 
Life: (Cycles) 15 
Table C-140: NAS1021N4; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 17.5 180 165 9 -48.57% 
2 18.5 190 170 10 -45.95% 
3 18 250 190 10.75 -40.28% 
4 18 260 200 9.5 -47.22% 
5 17 300 280 9.5 -44.12% 
6 16.5 310 290 9.5 -42.42% 
7 17 330 310 9 -47.06% 
8 17.5 330 300 9 -48.57% 
9 16.5 320 310 11 -33.33% 
10 16.5 320 275 10.5 -36.36% 
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Table C-140 (Continued) 
11 16 300 270 10.5 -34.38% 
12 15 300 240 10 -33.33% 
13 14.5 260 230 8.5 -41.38% 
14 16 320 260 8.5 -46.88% 
15 15 290 240 10 -33.33% 
Life: (Cycles) 15 
Table C-141: NAS1021N4; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22.5 200 190 12 -46.67% 
2 18.5 250 235 9.5 -48.65% 
3 18 270 250 9 -50.00% 
4 17.5 280 280 10.5 -40.00% 
5 17.5 300 270 8 -54.29% 
6 15.5 300 270 7.5 -51.61% 
7 15 280 270 8 -46.67% 
8 15.5 310 290 7 -54.84% 
9 15.5 300 275 6.5 -58.06% 
10 15 290 250 6.5 -56.67% 
11 15 300 250 5.5 -63.33% 
12 15 300 260 6.5 -56.67% 
13 15.5 310 270 7.25 -53.23% 
14 14.5 260 250 7 -51.72% 
15 13.5 310 280 6.5 -51.85% Y 
Life: (Cycles) 15 
Table C-142: NAS1021N4; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 22 225 200 11.5 -47.73% 
2 16.5 280 265 9 -45.45% 
3 14.5 290 270 8.5 -41.38% 
4 14 310 290 7.5 -46.43% 
5 14.5 300 290 8.5 -41.38% 
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Table C-142 (Continued) 
6 15 330 285 8.5 -43.33% 
7 14.5 310 270 8 -44.83% 
8 14.5 320 300 8 -44.83% 
9 15 280 250 8.5 -43.33% 
10 13 320 270 7.5 -42.31% 
11 14.5 250 250 7.5 -48.28% 
12 14.5 290 250 10.5 -27.59% 
13 8.75 270 240 3.5 -60.00% 
14 10 280 250 5.5 -45.00% 
15 12.5 320 220 6 -52.00% 
Life: (Cycles) 15 
Table C-143: NAS1021N4; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20.67 201.67 185 10.83 -47.66% Y 
2 17.83 240 223.33 9.5 -46.68% 
3 16.83 270 236.67 9.42 -43.89% 
4 16.5 283.33 256.67 9.17 -44.55% 
5 16.33 300 280 8.67 -46.59% 
6 15.67 313.33 281.67 8.5 -45.79% 
7 15.5 306.67 283.33 8.33 -46.18% 
8 15.83 320 296.67 8 -49.41% 
9 15.67 300 278.33 8.67 -44.91% 
10 14.83 310 265 8.17 -45.11% 
11 15.17 283.33 256.67 7.83 -48.66% Y 
12 14.83 296.67 250 9 -39.20% 
13 12.92 280 246.67 6.42 -51.54% 
14 13.5 286.67 253.33 7 -47.87% 
15 13.67 306.67 246.67 7.5 -45.73% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.7.4 85% Y Preload 
Table C-144: NAS1021N4; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 20 240 18 21 5.00% 
2 19.5 265 14 18.5 -5.13% 
3 17.5 305 12.25 16.5 -5.71% 
4 20 340 14.5 16.5 -17.50% 
5 16.5 280 12.5 17 3.03% 
6 16 330 15 15 -6.25% 
7 15 370 13.5 14 -6.67% 
8 15 280 12.5 13 -13.33% 
9 15 340 12.5 13.5 -10.00% 
10 15 370 12.5 12.5 -16.67% 
11 15 370 11 13 -13.33% 
12 14.5 370 11.5 13.5 -6.90% 
13 14 360 11 11 -21.43% 
14 12.5 340 10.5 13 4.00% 
15 12.5 350 10 12.5 0.00% 
Life: (Cycles) 15 
Table C-145: NAS1021N4; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20 230 220 12 -40.00% 
2 16 300 285 10 -37.50% 
3 17 340 320 10 -41.18% 
4 17.5 320 300 7.5 -57.14% 
5 15 330 320 7.5 -50.00% 
6 14.5 350 320 7.5 -48.28% 
7 14 340 305 8 -42.86% 
8 14 320 300 6.75 -51.79% 
9 13 340 300 6.75 -48.08% 
10 14 300 280 6 -57.14% 
11 13 315 280 7.5 -42.31% 
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Table C-145 (Continued) 
12 14 350 270 7 -50.00% 
13 13.5 370 300 6.75 -50.00% 
14 13 330 290 5 -61.54% 
15 13 330 300 6 -53.85%  
Life: (Cycles) 15 
Table C-146: NAS1021N4; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19 270 260 12.5 -34.21% 
2 20 320 310 11 -45.00% 
3 17.5 330 320 10 -42.86% 
4 15.5 350 320 10 -35.48% 
5 16 360 340 9.5 -40.63% 
6 15.5 360 340 10 -35.48% 
7 15.5 350 330 10 -35.48% 
8 15 340 320 9 -40.00% 
9 16 320 290 11.5 -28.13% 
10 15 310 270 8.5 -43.33% 
11 15 340 290 10.5 -30.00% 
12 17.5 330 270 7 -60.00% 
13 15 360 290 8.5 -43.33% 
14 17 360 270 10 -41.18% 
15 16 350 285 12 -25.00% 
Life: (Cycles) 15 
Table C-147: NAS1021N4; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 18 240 215 11.5 -36.11% 
2 17.5 300 280 8.5 -51.43% 
3 16.5 330 320 9.5 -42.42% 
4 15 360 330 9.5 -36.67% 
5 15 380 355 8 -46.67% 
6 12.5 360 340 8 -36.00% 
7 13 350 315 7.5 -42.31% 
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Table C-147 (Continued) 
8 14 330 300 7 -50.00% 
9 15 315 290 7.5 -50.00% 
10 12 305 270 7.5 -37.50% 
11 13.5 300 260 7 -48.15% 
12 12.5 340 260 5.75 -54.00% 
13 13 310 290 5.25 -59.62% 
14 15 360 280 7 -53.33% 
15 16 360 285 30 87.50% 
Life: (Cycles) 15 
Table C-148: NAS1021N4; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 19 246.67 231.67 12 -36.77% 
2 17.83 306.67 291.67 9.83 -44.64% 
3 17 333.33 320 9.83 -42.15% 
4 16 343.33 316.67 9 -43.10% 
5 15.33 356.67 338.33 8.33 -45.76% 
6 14.17 356.67 333.33 8.5 -39.92% 
7 14.17 346.67 316.67 8.5 -40.22% 
8 14.33 330 306.67 7.58 -47.26% 
9 14.67 325 293.33 8.58 -42.07% 
10 13.67 305 273.33 7.33 -45.99% 
11 13.83 318.33 276.67 8.33 -40.15% 
12 14.67 340 266.67 6.58 -54.67% 
13 13.83 346.67 293.33 6.83 -50.98% 
14 15 350 280 7.33 -52.02% 
15 15 346.67 290 16 2.88% 
Life: (Cycles) 15 
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Appendix C (Continued) 
C.7.5 Locknut Average 
Table C-149: NAS1021N4; Locknut Average 
Locknut Average 
Cycle 
Assembl
y 
Prevailin
g (in-lbs) 
Tightenin
g (in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 20.33 206.39 192.5 12.14 -40.08% 
2 18.22 251.92 236.11 10 -45.04% 
3 17.22 283.33 266.67 9.61 -44.12% 
4 16.5 294.64 273.33 9.64 -42.56% 
5 16 312.33 292.22 8.83 -44.69% 
6 15.11 315.56 289.64 8.81 -41.64% 
7 14.83 311.11 286.67 8.583 -42.13% 
8 15.27 308.89 288.89 8.08 -47.09% 
9 15.17 298.89 277.22 8.75 -42.56% 
10 14.61 297.22 265 7.97 -45.41% 
11 14.78 288.33 262.78 8.27 -44.10% 
12 14.83 303.33 252.22 7.94 -46.27% 
13 13.92 297.78 260 7.1111 -49.52% 
14 14.39 300 252.78 7.67 -46.95% 
15 14.5 306.11 260 10.72 -28.13% 
Life: (Cycles) 15 
C.8 NAS1021N4 with Lubrication 
C.8.1 Unseated – Lubricated 
Table C-150: NAS1021N4 Braycote; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 6.5 4.5 5.25 -30.77% -19.23% 
2 4.25 3.75 4 -11.76% -5.88% 
3 4 3.25 3.75 -18.75% Y -6.25% 
4 3.75 3.25 3.75 -13.33% 0.00% 
5 3.5 3 3.5 -14.29% 0.00% 
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Table C-150 (Continued) 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 3 
Table C-151: NAS1021N4 Braycote; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 6 4.75 5.25 -20.83% -12.50% 
2 4.5 4 4.5 -11.11% 0.00% 
3 4 3.25 3.5 -18.75% Y -12.50% 
4 3.75 3.25 3.5 -13.33% -6.67% 
5 3.75 3 3.5 -20.00% -6.67% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 3 
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Table C-152: NAS1021N4 Braycote; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 5.75 4.5 5 -21.74% -13.04% 
2 4 3.5 4 -12.50% 0.00% 
3 3.75 3 3.5 -20.00% -6.67% 
4 3.75 3 3.25 -20.00% -13.33% 
5 3.5 3 3.25 -14.29% -7.14% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 3 
Table C-153: NAS1021N4 Braycote; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 6 5 5.5 -16.67% -8.33% 
2 4.25 3.5 4 -17.65% -5.88% 
3 4 3.25 3.75 -18.75% -6.25% 
4 3.5 3 3.5 -14.29% 0.00% 
5 3.5 3 3.5 -14.29% 0.00% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life (Cycles): 3 
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Table C-154: NAS1021N4 Braycote; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 6.06 4.69 5.25 -22.50% -13.27% 
2 4.25 3.69 4.13 -13.25% -2.94% 
3 3.94 3.19 3.63 -19.06% -7.91% 
4 3.69 3.13 3.5 -15.23% -5.00% 
5 3.56 3 3.44 -15.71% -3.45% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
 
Life (Cycles): 3 
C.8.2 66% Y Preload – Lubricated 
Table C-155:NAS1021N4 Braycote; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 7 105 5 4.5 -35.71% 
2 4.25 79 3.7 4 -5.88% 
3 4 71 3.5 3.75 -6.25% 
4 3.75 63 3.25 3.5 -6.67% 
5 3.5 58.5 3.25 3.5 0.00% 
6 3.5 57.5 3 3.25 -7.14% 
7 3.75 53 3 3.25 -13.33% 
8 3.5 53 3 3 -14.29% 
9 3.5 50 3 3.25 -7.14% 
10 3.5 51 3 3.25 -7.14% 
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Table C-155 (Continued) 
11 3.5 52 3 3.25 -7.14% 
12 3.5 48 3 3.25 -7.14% 
13 3.5 52 3 3.25 -7.14% 
14 3.5 54 3 3 -14.29% 
15 3.5 53 3 3.25 -7.14% 
Life: (Cycles) 6 
Table C-156:NAS1021N4 Braycote; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 7.5 116 94 4.25 -43.33% 
2 4.25 84 62 3.5 -17.65% 
3 4 78 61 3 -25.00% 
4 3.5 80 61 3 -14.29% 
5 3.5 84 60 3 -14.29% 
6 3.5 97 80 3.75 7.14% 
7 3.5 94 68 3.25 -7.14% 
8 3.5 96 74 3.25 -7.14% 
9 3.25 98 75 2.75 -15.38% 
10 3.4 89 66 2.5 -26.47% 
11 3.25 91 65 2.5 -23.08% 
12           
13           
14           
15           
Life: (Cycles) 3 
Table C-157: NAS1021N4 Braycote; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 102 83 3.75 -53.13% 
2 3.5 85 65 3 -14.29% 
3 3.25 78 60 2.75 -15.38% 
4 3 80 60 2.5 -16.67% 
5           
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Appendix C (Continued) 
Table C-157 (Continued) 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2 
Table C-158: NAS1021N4 Braycote; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10 112 85 4.25 -57.50% 
2 3.75 101 80 3 -20.00% 
3 3.25 100 85 3 -7.69% 
4 3 95 70 2.75 -8.33% 
5           
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2 
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Appendix C (Continued) 
Table C-159: NAS1021N4 Braycote; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8.5 110 87.33 4.08 -51.32% 
2 3.83 90 69 3.17 -17.31% 
3 3.5 85.33 68.67 2.92 -16.03% 
4 3.17 85 63.67 2.75 -13.10% 
5 3.5 84 60 3 -14.29% 
6 3.5 97 80 3.75 7.14% 
7 3.5 94 68 3.25 -7.14% 
8 3.5 96 74 3.25 -7.14% 
9 3.25 98 75 2.75 -15.38% 
10 3.4 89 66 2.5 -26.47% 
11 3.25 91 65 2.5 -23.08% 
12           
13           
14           
15           
Life: (Cycles) 2.33 
 
C.8.3 75% Y Preload – Lubricated 
Table C-160: NAS1021N4 Braycote; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembl
y 
Prevailin
g (in-lbs) 
Tightenin
g (in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 10 131 5.5 5.25 -47.50% 
2 4 132 4 4 0.00% 
3 3.75 150 3.5 3.75 0.00% 
4 3.75 186 3.5 3.75 0.00% 
5 3.75 215 3.5 3.5 -6.67% 
6 3.75 238 3.75 3.5 -6.67% 
7 3.75 294 3.5 3.25 -13.33% 
8 4 289 4 4 0.00% 
9 5.25 360*       
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Appendix C (Continued) 
Table C-160 (Continued) 
10           
11           
12           
13           
14           
15           
*Bolt Failed Life: (Cycles) 7 
Table C-161: NAS1021N4 Braycote; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 9 125 100 4 -55.56% 
2 3.75 144 110 3 -20.00% 
3 3.25 180 168 3 -7.69% 
4 3.25 207 186 2.75 -15.38% 
5 3 210 192 2.75 -8.33% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2 
Table C-162: NAS1021N4 Braycote; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 102 80 5 -37.50% 
2 4.25 90 68 3.5 -17.65% 
3 3.5 84 60 3.25 -7.14% 
4 3.25 77 57 3 -7.69% 
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Table C-162 (Continued) 
5 3 73 62 2.75 -8.33% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 3 
Table C-163: NAS1021N4 Braycote; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 117 92 4.5 -43.75% Y 
2 3.5 97 75 3.25 -7.14% 
3 3.5 100 80 3.5 0.00% 
4 3.25 90 75 3 -7.69% 
5 3 78 69 2.75 -8.33% 
6 3 85 70 2.75 -8.33% 
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2 
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Appendix C (Continued) 
Table C-164: NAS1021N4 Braycote; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8.33 114.67 90.67 4.5 -45.60% 
2 3.83 110.33 84.33 3.25 -14.93% 
3 3.42 121.33 102.67 3.25 -4.95% 
4 3.25 124.67 106 2.92 -10.26% 
5 3 120.33 107.67 2.75 -8.33% 
6 3 85 70 2.75 -8.33% 
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2.33 
C.8.4 85% Y Preload – Lubricated 
Table C-165: NAS1021N4 Braycote; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 7.5 117 4.5 4.25 -43.33% 
2 4 110 3.25 3.5 -12.50% 
3 3.25 100 3 3 -7.69% 
4 3 96 2.75 2.75 -8.33% 
5           
6           
7           
8           
9           
10           
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Appendix C (Continued) 
Table C-165 (Continued) 
11           
12           
13           
14           
15           
Life: (Cycles) 2 
Table C-166: NAS1021N4 Braycote; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 6 136 106 4 -33.33% 
2 3.5 115 94 3 -14.29% 
3 3 104 74 2.75 -8.33% 
4 3 110 85 2.75 -8.33% 
5           
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2 
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Appendix C (Continued) 
Table C-167: NAS1021N4 Braycote; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 9 115 81 4 -55.56% 
2 4 100 70 3.5 -12.50% 
3 3.25 90 60 3 -7.69% 
4 3 90 60 2.75 -8.33% 
5 3 91 61 2.5 -16.67% 
6           
7           
8           
9           
10           
11           
12           
13           
14           
15           
Life: (Cycles) 3 
Table C-168: NAS1021N4 Braycote; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 9 125 87 4 -55.56% 
2 4 92 65 3 -25.00% 
3 3.25 90 62 2.75 -15.38% 
4 3 91 65 2.5 -16.67% 
5           
6           
7           
8           
9           
10           
11           
12           
13           
14           
 216 
 
Appendix C (Continued) 
Table C-168 (Continued) 
15           
Life: (Cycles) 2 
Table C-169: NAS1021N4 3-IN-ONE; 85% Y - Trial 5 
Trial 5 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12 140 100 6 -50.00% 
2 9 115 77.5 6.25 -30.56% 
3 7.5 127.5 85 5.75 -23.33% 
4 7 125 85 5.25 -25.00% 
5 6.25 115 80 5 -20.00% 
6 5.75 110 75 5 -13.04% 
7 6 105 70 5 -16.67% 
8 5.5 110 35 5 -9.09% 
9 5.5 110 72.5 4.5 -18.18% 
10 5 107.5 75 4.5 -10.00% 
11 5 105 75 4.5 -10.00% 
12 5.5 112.5 75 4.5 -18.18% 
13 5 110 75 4.5 -10.00% 
14 5 115 85 4.5 -10.00% 
15 5 112.5 80 4.25 -15.00% 
Life: (Cycles) 15 
Table C-170: NAS1021N4 Braycote; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8 125.33 91.33 4 -48.15% 
2 3.83 102.33 76.33 3.17 -17.26% 
3 3.17 94.67 65.33 2.83 -10.47% 
4 3 97 70 2.67 -11.11% 
5 3 91 61 2.5 -16.67% 
6           
7           
8           
9           
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Appendix C (Continued) 
Table C-170 (Continued) 
10           
11           
12           
13           
14           
15           
Life: (Cycles) 2.33 
 
C.8.5 Locknut Average – Lubricated 
Table C-171: NAS1021N4 Braycote; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8.27 116.67 89.78 4.19 -48.36% 
2 3.83 100.89 76.56 3.19 -16.50% 
3 3.36 100.64 78.89 3 -10.48% 
4 3.14 102.22 79.89 2.78 -11.49% 
5 3.17 98.64 76.22 2.75 -13.10% 
6 3.25 91 75 3.25 -0.60% 
7 3.5 94 68 3.25 -7.14% 
8 3.5 96 74 3.25 -7.14% 
9 3.25 98 75 2.75 -15.38% 
10 3.4 89 66 2.5 -26.47% 
11 3.25 91 65 2.5 -23.08% 
12           
13           
14           
15           
Life: (Cycles) 2.33 
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Appendix C (Continued) 
C.9 Grade 8 
C.9.1 Unseated 
Table C-172: Grade 8; Unseated - Trial 1 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9.5 6.25 9 -34.21% -5.26% 
2 7.5 5 7.5 -33.33% 0.00% 
3 7.25 6.25 7.25 -13.79% 0.00% 
4 6.5 5.75 6.5 -11.54% 0.00% 
5 6.5 5.75 6.5 -11.54% 0.00% 
6 6 5.5 6.25 -8.33% 4.17% 
7 6 5.25 6.25 -12.50% 4.17% 
8 6 5.5 6.25 -8.33% 4.17% 
9 6 5.5 6 -8.33% 0.00% 
10 5.75 5.25 6 -8.70% 4.35% 
11 5.75 5 5.75 -13.04% 0.00% 
12 5.5 5 5.75 -9.09% 4.55% 
13 5.5 5 5.75 -9.09% 4.55% 
14 5.5 4.75 5.75 -13.64% 4.55% 
15 5.25 4.75 5.5 -9.52% 4.76% 
Life (Cycles): 15 
Table C-173: Grade 8; Unseated - Trial 2 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 10.5 9 10.5 -14.29% 0.00% 
2 9.25 7.5 9 -18.92% -2.70% 
3 8 7 8.5 -12.50% 6.25% 
4 7.5 6.75 8 -10.00% 6.67% 
5 7.5 6.5 7.75 -13.33% 3.33% 
6 7 6.5 7.25 -7.14% 3.57% 
7 7 6.5 7.5 -7.14% 7.14% 
8 7 6.5 7.5 -7.14% 7.14% 
9 7 6.25 7.25 -10.71% 3.57% 
10 6.75 6 7 -11.11% 3.70% 
11 6 6 7 0.00% 16.67% 
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Table C-173 (Continued) 
12 7 6 7.25 -14.29% 3.57% 
13 6.25 6 7 -4.00% 12.00% 
14 6 6 7 0.00% 16.67% 
15 6.5 6 6.75 -7.69% 3.85% Y 
Life (Cycles): 15 
Table C-174: Grade 8; Unseated - Trial 3 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9.5 7.75 9 -18.42% -5.26% 
2 8.25 7.5 8.5 -9.09% 3.03% 
3 8 7 8 -12.50% 0.00% 
4 7.75 7 7.75 -9.68% 0.00% 
5 7.5 6.5 7.5 -13.33% 0.00% 
6 7.25 6.5 7.5 -10.34% 3.45% 
7 7.25 6.25 7.25 -13.79% 0.00% 
8 7.5 6.5 7.25 -13.33% -3.33% 
9 6.75 6 6.75 -11.11% 0.00% 
10 6.75 6.5 7 -3.70% 3.70% 
11 6.25 6.25 6.75 0.00% 8.00% 
12 6.75 6.5 6.75 -3.70% 0.00% 
13 6.5 6 6.5 -7.69% 0.00% 
14 6 6 6.25 0.00% 4.17% 
15 6 5.75 6.5 -4.17% 8.33% 
Life (Cycles): 15 
Table C-175: Grade 8; Unseated - Trial 4 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9 7.25 8.25 -19.44% -8.33% 
2 7.5 6.5 7.5 -13.33% 0.00% 
3 7 6.25 7 -10.71% 0.00% 
4 6.75 6.25 6.75 -7.41% 0.00% 
5 6.5 6 7 -7.69% 7.69% 
6 6.5 6 7 -7.69% 7.69% 
7 6 5.75 6.5 -4.17% 8.33% 
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Appendix C (Continued) 
Table C-175 (Continued) 
8 6 6 6.5 0.00% 8.33% 
9 6.25 5.75 6.75 -8.00% 8.00% 
10 6.25 5.5 6.5 -12.00% 4.00% 
11 6 5.5 6.25 -8.33% 4.17% 
12 6 5.75 6.25 -4.17% 4.17% 
13 6 5.5 6.25 -8.33% 4.17% 
14 6 5.75 6.5 -4.17% 8.33% 
15 5.75 5.5 6 -4.35% 4.35% 
Life (Cycles): 15 
Table C-176: Grade 8; Unseated - Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Removal 
Percent 
Difference 
Assem. Ver. 
1 9.63 7.56 9.19 -21.59% -4.71% 
2 8.13 6.63 8.13 -18.67% 0.08% 
3 7.56 6.63 7.69 -12.38% 1.56% 
4 7.13 6.44 7.25 -9.66% Y 1.67% 
5 7 6.19 7.19 -11.47% 2.76% 
6 6.69 6.13 7 -8.38% 4.72% 
7 6.56 5.94 6.88 -9.40% 4.91% 
8 6.63 6.13 6.88 -7.20% 4.08% 
9 6.5 5.88 6.69 -9.54% 2.89% 
10 6.38 5.81 6.63 -8.88% 3.94% 
11 6 5.69 6.44 -5.34% 7.21% 
12 6.31 5.81 6.5 -7.81% 3.07% 
13 6.06 5.63 6.38 -7.28% 5.18% 
14 5.88 5.63 6.38 -4.45% 8.43% 
15 5.88 5.5 6.19 -6.43% 5.32% 
 
Life (Cycles): 15 
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Appendix C (Continued) 
C.9.2 66% Y Preload 
Table C-177: Grade 8; 66% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 10.5 68 11 10 -4.76% 
2 7 290 6.5 6.5 -7.14% 
3 6.5 190 6 6.25 -3.85% Y 
4 5.75 260 6.5 6.25 8.70% 
5 5.75 250 6 6 4.35% 
6 5.5 265 6 6.25 13.64% 
7 5.75 220 5.75 6 4.35% 
8 5.25 235 6 6 14.29% 
9 5 170 5.5 5.75 15.00% 
10 5 190 5.75 5.75 15.00% 
11 5 180 5.5 5.5 10.00% 
12 5 193 5.5 5.75 15.00% 
13 5 166 5.5 5.5 10.00% 
14 5 165 5.5 5.5 10.00% 
15 5 162 5.5 5.5 10.00% 
Life: (Cycles) 15 
Table C-178: Grade 8; 66% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 8.5 170 140 5.5 -35.29% 
2 5 155 123 5 0.00% 
3 5.25 165 130 4.5 -14.29% 
4 5 175 140 4.25 -15.00% 
5 5 150 115 4.25 -15.00% 
6 4.75 140 105 4.25 -10.53% 
7 4.75 126 100 4.25 -10.53% 
8 4.5 145 115 4 -11.11% 
9 4.5 165 130 4 -11.11% 
10 4.5 165 128 4 -11.11% 
11 4.5 150 112 4 -11.11% 
 222 
 
Appendix C (Continued) 
Table C-178 (Continued) 
12 4.5 155 125 4 -11.11% 
13 4.25 142 115 4 -5.88% 
14 4.5 155 115 4 -11.11% 
15 4 180 142 4.25 6.25% 
Life: (Cycles) 15 
Table C-179: Grade 8; 66% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 14 160 125 4.75 -66.07% 
2 7.5 155 125 6.5 -13.33% 
3 7 155 125 6.5 -7.14% 
4 7 148 120 6 -14.29% 
5 7 198 118 6 -14.29% 
6 6.5 185 160 6 -7.69% 
7 6.5 172 143 6 -7.69% 
8 6.5 175 152 6 -7.69% 
9 6.25 183 155 5.75 -8.00% 
10 6.25 180 155 5.75 -8.00% 
11 6 180 155 5.5 -8.33% 
12 5.75 155 130 5.5 -4.35% 
13 5.75 165 145 5.5 -4.35% 
14 5.5 175 150 5.5 0.00% 
15 5.5 170 150 5.25 -4.55% 
Life: (Cycles) 15 
Table C-180: Grade 8; 66% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10.5 155 125 6.75 -35.71% 
2 6.5 135 105 6 -7.69% 
3 6 145 115 5.5 -8.33% 
4 6 170 135 5.25 -12.50% 
5 5.5 173 145 5 -9.09% 
6 5.5 140 115 5 -9.09% 
7 5.5 155 130 4.75 -13.64% 
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Table C-180 (Continued) 
8 5.25 175 145 4.5 -14.29% 
9 5 160 130 4.5 -10.00% 
10 5 170 140 4.5 -10.00% 
11 4.75 145 115 4.5 -5.26% 
12 4.75 145 123 4.5 -5.26% 
13 4.5 155 125 4.25 -5.56% 
14 4.5 145 120 4.5 0.00% 
15 4.5 145 115 4.5 0.00% 
Life: (Cycles) 15 
Table C-181: Grade 8; 66% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 11 161.67 130 5.67 -45.69% 
2 6.33 148.33 117.67 5.83 -7.01% 
3 6.08 155 123.33 5.5 -9.92% 
4 6 164.33 131.67 5.17 -13.93% 
5 5.83 173.67 126 5.08 -12.79% 
6 5.58 155 126.67 5.08 -9.10% 
7 5.58 151 124.33 5 -10.62% 
8 5.42 165 137.33 4.83 -11.03% 
9 5.25 169.33 138.33 4.75 -9.70% 
10 5.25 171.67 141 4.75 -9.70% 
11 5.08 158.33 127.33 4.67 -8.24% 
12 5 151.67 126 4.67 -6.91% 
13 4.83 154 128.33 4.58 -5.26% 
14 4.83 158.33 128.33 4.67 -3.70% 
15 4.67 165 135.67 4.67 0.57% 
Life (Cycles): 15 
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Appendix C (Continued) 
C.9.3 75% Y Preload 
Table C-182: Grade 8; 75% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-lbs)* 
Percent 
Difference 
Assem. Ver. 
1 11 198 12 8.5 -22.73% 
2 9 221 10 8.5 -5.56% 
3 8 212 7.7 8 0.00% 
4 8 212 7.5 8 0.00% 
5 7 196 7.5 8 14.29% 
6 7.25 177 6.5 8.5 17.24% 
7 8 190 7 7.75 -3.13% 
8 7 200 7 7.5 7.14% 
9 6.75 180 7 7.25 7.41% 
10 6.5 167 7 7.25 11.54% 
11 6.25 170 6.5 7 12.00% 
12 6.25 160 6.5 7 12.00% 
13 6 168 6.75 7 16.67% 
14 6.25 158 6.75 7 12.00% 
15 6 155 6.5 7 16.67% 
Life: (Cycles) 15 
Table C-183: Grade 8; 75% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12.5 230 210 7 -44.00% 
2 8 345 310 8.5 6.25% 
3 7.5 340 310 8.75 16.67% 
4 7.5 225 200 9 20.00% 
5 7 240 220 8 14.29% 
6 6.75 190 190 7.75 14.81% 
7 7.5 180 170 7.5 0.00% 
8 7 220 200 7.5 7.14% 
9 7 220 180 7 0.00% 
10 6.75 240 205 7 3.70% 
 225 
 
Appendix C (Continued) 
Table C-183 (Continued) 
11 6.75 220 177 7 3.70% 
12 6.75 230 190 6.5 -3.70% 
13 6.25 215 163 6.5 4.00% 
14 6.5 237 185 6.5 0.00% 
15 6.5 225 175 6.5 0.00% 
Life: (Cycles) 15 
Table C-184: Grade 8; 75% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10.5 165 140 8 -23.81% 
2 8 160 130 6.75 -15.63% 
3 7 130 110 6.25 -10.71% 
4 6.75 135 120 6.25 -7.41% 
5 6.5 165 140 5.75 -11.54% 
6 6.25 145 127 5.75 -8.00% 
7 5.75 147 125 5.75 0.00% 
8 5.75 150 130 5.5 -4.35% 
9 5.75 143 117 5.5 -4.35% 
10 5.5 127 107 5.25 -4.55% 
11 5.5 125 107 5.25 -4.55% 
12 5.5 155 125 5.25 -4.55% 
13 5.25 133 110 5 -4.76% 
14 5.25 122 100 5 -4.76% 
15 5.25 135 110 5 -4.76% 
Life: (Cycles) 15 
Table C-185: Grade 8; 75% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10 173 140 7.5 -25.00% 
2 8 140 123 7 -12.50% 
3 7.75 148 180 6.75 -12.90% 
4 7.75 145 117 7 -9.68% 
5 7 155 130 7 0.00% 
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Appendix C (Continued) 
Table C-185 (Continued) 
6 7 145 120 6.5 -7.14% 
7 6.5 142 110 6.5 0.00% 
8 6.5 147 120 6.25 -3.85% Y 
9 6.5 135 110 6.25 -3.85% Y 
10 6.5 135 107 6 -7.69% 
11 6.25 140 117 6 -4.00% 
12 6.5 145 122 6 -7.69% 
13 6.25 135 115 6 -4.00% 
14 6 133 110 6 0.00% 
15 6 140 113 5.5 -8.33% 
Life: (Cycles) 15 
Table C-186: Grade 8; 75% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 11 189.33 163.33 7.5 -30.94% 
2 8 215 187.67 7.42 -7.29% 
3 7.42 206 200 7.25 -2.32% 
4 7.33 168.33 145.67 7.42 0.97% 
5 6.83 186.67 163.33 6.92 0.92% 
6 6.67 160 145.67 6.67 -0.11% 
7 6.583 156.33 135 6.58 0.00% 
8 6.42 172.33 150 6.42 -0.35% 
9 6.42 166 135.67 6.25 -2.73% 
10 6.25 167.33 139.67 6.08 -2.84% 
11 6.17 161.67 133.67 6.08 -1.61% 
12 6.25 176.67 145.67 5.92 -5.31% 
13 5.92 161 129.33 5.83 -1.59% 
14 5.92 164 131.67 5.83 -1.59% 
15 5.92 166.67 132.67 5.67 -4.37% 
Life (Cycles): 15 
 
 
 
 
 227 
 
Appendix C (Continued) 
C.9.4 85% Y Preload 
Table C-187: Grade 8; 85% Y - Trial 1 
Trial 1 - Half Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Assem. 
Prevailing 
Ver. (in-
lbs)* 
Percent 
Difference 
Assem. Ver. 
1 12.5 320 7.5 7.5 -40.00% 
2 7.5 260 7 9 20.00% 
3 8.25 275 8 7 -15.15% 
4 7 200 7.5 6.75 -3.57% 
5 6.5 215 7.5 6.75 3.85% Y 
6 6.5 175 7.25 6 -7.69% 
7 6.5 190 7 6.75 3.85% Y 
8 6.5 230 7 6.75 3.85% Y 
9 6.75 190 6.5 6.5 -3.70% 
10 6.5 180 6 7.25 11.54% 
11 7 200 6.5 6.25 -10.71% 
12 6.5 190 7 7 7.69% 
13 6 183 7 7.5 25.00% 
14 6.5 175 7 7 7.69% 
15 6.5 175 6.5 7 7.69% 
Life: (Cycles) 15 
Table C-188: Grade 8; 85% Y - Trial 2 
Trial 2 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12.5 185 145 7.5 -40.00% 
2 9.5 195 152 8.25 -13.16% 
3 8.5 180 145 8 -5.88% 
4 8.25 190 160 7.5 -9.09% 
5 7.75 197 160 7.25 -6.45% 
6 7.5 185 145 7.25 -3.33% 
7 7.5 168 135 7.25 -3.33% 
8 7 179 142 7.25 3.57% 
9 7 174 135 7 0.00% 
10 7 177 140 6.75 -3.57% 
11 6.75 180 142 6.5 -3.70% 
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Appendix C (Continued) 
Table C-188 (Continued) 
12 6.5 180 140 6.5 0.00% 
13 6.5 175 150 6.75 3.85%  
14 6.5 170 143 6.75 3.85%  
15 6.5 173 144 6.75 3.85%  
Life: (Cycles) 15 
Table C-189: Grade 8; 85% Y - Trial 3 
Trial 3 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 12.5 255 210 9.5 -24.00% 
2 8.5 300 230 8.5 0.00% 
3 8 250 210 7.5 -6.25% 
4 7.25 230 210 7.5 3.45% 
5 7.25 230 190 7.5 3.45% 
6 7 220 190 7.25 3.57% 
7 7 195 160 7.25 3.57% 
8 7 198 160 7 0.00% 
9 6.75 192 157 7.25 7.41% 
10 6.75 200 165 7 3.70% 
11 6.75 170 145 7 3.70% 
12 6.25 190 155 7.5 20.00% 
13 6.5 180 150 7.5 15.38% 
14 7 185 147 7.25 3.57% 
15 6.5 180 150 7 7.69% 
Life: (Cycles) 15 
Table C-190: Grade 8; 85% Y - Trial 4 
Trial 4 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 10 163 120 7.5 -25.00% 
2 7 185 140 6.75 -3.57% 
3 6.25 160 125 6.5 4.00% 
4 6 150 120 6.5 8.33% 
5 5.5 150 115 6.25 13.64% 
6 5.5 179 140 6 9.09% 
7 5 155 115 6 20.00% 
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Appendix C (Continued) 
Table C-190 (Continued) 
8 5 160 123 6 20.00% 
9 5 190 150 6 20.00% 
10 5 175 140 5.75 15.00% 
11 5 190 155 5.5 10.00% 
12 5 250 195 5.25 5.00% 
13 4.75 170 145 5.5 15.79% 
14 4.75 182 144 5.25 10.53% 
15 4.75 190 150 5.5 15.79% 
Life: (Cycles) 15 
Table C-191: Grade 8; 85% Y - Trial Average 
Trial Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 11.67 201 158.33 8.17 -29.67% 
2 8.33 226.67 174 7.83 -5.58% 
3 7.58 196.67 160 7.33 -2.71% 
4 7.17 190 163.33 7.17 0.90% 
5 6.83 192.33 155 7 3.54% 
6 6.67 194.67 158.33 6.83 3.11% 
7 6.5 172.67 136.67 6.83 6.75% Y 
8 6.33 179 141.67 6.75 7.86% 
9 6.25 185.33 147.33 6.75 9.14% 
10 6.25 184 148.33 6.5 5.04% 
11 6.17 180 147.33 6.33 3.33% 
12 5.92 206.67 163.33 6.42 8.33% 
13 5.92 175 148.33 6.58 11.67% 
14 6.08 179 144.67 6.42 5.98% 
15 5.92 181 148 6.42 9.11% 
Life (Cycles): 15 
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C.9.5 Locknut Average 
Table C-192: Grade 8; Locknut Average 
Locknut Average 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 11.22 184 150.56 7.11 -35.43% 
2 7.56 196.67 159.78 7.03 -6.63% 
3 7.03 185.89 161.11 6.69 -4.98% 
4 6.83 174.22 146.89 6.58 -4.02% 
5 6.5 184.22 148.11 6.33 -2.78% 
6 6.31 169.89 143.56 6.19 -2.03% 
7 6.2222 160 132 6.14 -1.29% 
8 6.06 172.11 143 6 -1.17% 
9 5.97 173.56 140.64 5.92 -1.10% 
10 5.92 174.33 143 5.78 -2.50% 
11 5.81 166.67 136.11 5.69 -2.17% 
12 5.72 178.33 145 5.67 -1.30% 
13 5.56 163.33 135.33 5.67 1.61% 
14 5.61 167.11 134.89 5.64 0.23% 
15 5.5 170.89 138.78 5.58 1.77% 
Life (Cycles): 15 
 
C.9.6 Lubrication Test 
Table C-193: Grade 8 No Lubrication; 85% Y - Trial 5 
Trial 5 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 15 380 290 8 -46.67% 
2 15 450*     -100.00% 
3           
4           
5           
6           
7           
8           
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Appendix C (Continued) 
Table C-193 (Continued) 
9           
10           
11           
12           
13           
14           
15           
*Bolt Failed Life: (Cycles) 1 
Table C-194: Grade 8 Braycote; 85% Y - Trial 6 
Trial 6 - Full Cycle 
Cycle 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent 
Difference 
Removal 
1 5 225 175 4.5 -10.00% 
2 3 205 165 3.25 8.33% 
3 3 200 150 3.25 8.33% 
4 2.75 207.5 180 3.5 27.27% 
5 2.75 235 195 3.25 18.18% 
6 2.75 280 240 3.25 18.18% 
7 2.75 260 225 3 9.09% 
8 2.75 320 280 3 9.09% 
9 2.75 340 320 3.25 18.18% 
10 2.75 350 330 3.25 18.18% 
11 2.75 260 220 3 9.09% 
12 3 310 295 3.25 8.33% 
13 3 340 295 3 0.00% 
14 3 280 230 3.25 8.33% 
15 3 290 250 3 0.00% 
Life: (Cycles) 15 
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Appendix D:   Individual Locknut Plots 
D.1 MS21043-4 
D.1.1 Unseated 
 
Figure D-1: MS21043-4 Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-2: MS21043-4 Removal Prevailing Torque; Unseated 
 
Figure D-3: MS21043-4 Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-4: MS21043-4 Life; Unseated 
 
D.1.2 66% Y Preload 
 
Figure D-5: MS21043-4 Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-6: MS21043-4 Removal Prevailing Torque; 66% Y Preload 
 
Figure D-7: MS21043-4 Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-8: MS21043-4 Breakloose Torque; 66% Y Preload 
 
 
Figure D-9: MS21043-4 Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-10: MS21043-4 Life; 66% Y Preload 
D.1.3 75% Y Preload 
 
Figure D-11: MS21043-4 Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-12: MS21043-4 Removal Prevailing Torque; 75% Y Preload 
 
Figure D-13: MS21043-4 Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-14: MS21043-4 Breakloose Torque; 75% Y Preload 
 
 
Figure D-15: MS21043-4 Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-16: MS21043-4 Life; 75% Y Preload 
D.1.4 85% Y Preload 
 
Figure D-17: MS21043-4 Assembly Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-18: MS21043-4 Removal Prevailing Torque; 85% Y Preload 
 
Figure D-19: MS21043-4 Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-20: MS21043-4 Breakloose Torque; 85% Y Preload 
 
 
Figure D-21: MS21043-4 Percent Difference; 85% Y Preload 
0 5 10 15
200
220
240
260
280
300
320
340
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 2
Trial 3
Trial 4
0 5 10 15
-80%
-70%
-60%
-50%
-40%
-30%
-20%
-10%
  0%
Pe
rc
e
n
t D
iff
e
re
n
ce
Cycle
 
 
Trial 1
Trial 2
Trial 3
Trial 4
 243 
 
Appendix D (Continued) 
 
Figure D-22: MS21043-4 Life; 85% Y Preload 
D.1.5 Preload Averages 
 
Figure D-23: MS21043-4 Assembly Prevailing Torque; Trial Average 
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Appendix D (Continued) 
 
Figure D-24: MS21043-4 Removal Prevailing Torque; Trial Average 
 
Figure D-25: MS21043-4 Tightening Torque; Trial Average 
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Appendix D (Continued) 
 
Figure D-26: MS21043-4 Breakloose Torque; Trial Average 
 
 
Figure D-27: MS21043-4 Percent Difference; Trial Average 
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Appendix D (Continued) 
 
Figure D-28: MS21043-4 Life; Trial Average 
 
Figure D-29: MS21043-4 Assembly Prevailing Percent Decrease between Cycle 1 and 2; 
Trial Average 
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Appendix D (Continued) 
D.2 NAS1291-4 
D.2.1 Unseated 
 
Figure D-30: NAS2191-4 Assembly Prevailing Torque; Unseated 
 
Figure D-31: NAS2191-4 Removal Prevailing Torque; Unseated 
0 5 10 15
10
12
14
16
18
20
22
24
26
28
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 1
Trial 2
Trial 3
Trial 4
0 5 10 15
5
10
15
20
25
30
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 1
Trial 2
Trial 3
Trial 4
 248 
 
Appendix D (Continued) 
 
Figure D-32: NAS2191-4 Percent Difference; Unseated 
 
Figure D-33: NAS2191-4 Life; Unseated 
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Appendix D (Continued) 
D.2.2 66% Y Preload 
 
Figure D-34: NAS1291-4 Assembly Prevailing Torque; 66% Y Preload 
 
Figure D-35: NAS1291-4 Removal Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-36: NAS1291-4 Tightening Torque; 66% Y Preload 
 
Figure D-37: NAS1291-4 Breakloose Torque; 66% Y Preload 
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Appendix D (Continued) 
 
 
Figure D-38: NAS1291-4 Percent Difference; 66% Y Preload 
 
Figure D-39: NAS1291-4 Life; 66% Y Preload 
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Appendix D (Continued) 
D.2.3 75% Y Preload 
 
Figure D-40: NAS1291-4 Assembly Prevailing Torque; 75% Y Preload 
 
Figure D-41: NAS1291-4 Removal Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-42: NAS1291-4 Tightening Torque; 75% Y Preload 
 
Figure D-43: NAS1291-4 Breakloose Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-44: NAS1291-4 Percent Difference; 75% Y Preload 
 
Figure D-45: NAS1291-4 Life; 75% Y Preload 
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Appendix D (Continued) 
D.2.4 85% Y Preload 
 
Figure D-46: NAS1291-4 Assembly Prevailing Torque; 85% Y Preload 
 
Figure D-47: NAS1291-4 Removal Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-48: NAS1291-4 Tightening Torque; 85% Y Preload 
 
Figure D-49: NAS1291-4 Breakloose Torque; 85% Y Preload 
0 5 10 15
180
200
220
240
260
280
300
320
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 1
Trial 2
Trial 3
Trial 4
0 5 10 15
150
160
170
180
190
200
210
220
230
240
250
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 2
Trial 3
Trial 4
 257 
 
Appendix D (Continued) 
 
Figure D-50: NAS1291-4 Percent Difference; 85% Y Preload 
 
Figure D-51: NAS1291-4 Life; 85% Y Preload 
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Appendix D (Continued) 
D.2.5 Preload Averages 
 
Figure D-52: NAS1291-4 Assembly Prevailing Torque; Preload Average 
 
Figure D-53: NAS1291-4 Removal Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-54: NAS1291-4 Tightening Torque; Preload Average 
 
Figure D-55: NAS1291-4 Breakloose Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-56: NAS1291-4 Percent Difference; Preload Average 
 
Figure D-57: NAS1291-4 Life; Preload Average 
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Appendix D (Continued) 
 
Figure D-58: NAS1291-4 Percent Decrease of Assembly Prevailing Torque from Cycle 1 
to 2; Preload Average 
D.3 NAS1805-4 
D.3.1 Unseated 
 
Figure D-59: NAS1805-4 Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-60: NAS1805-4 Removal Prevailing Torque; Unseated 
 
Figure D-61: NAS1805-4 Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-62: NAS1805-4 Life; Unseated 
D.3.2 66% Y Preload 
 
Figure D-63: NAS1805-4 Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-64: NAS1805-4 Removal Prevailing Torque; 66% Y Preload 
 
Figure D-65: NAS1805-4 Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-66: NAS1805-4 Breakloose Torque; 66% Y Preload 
 
 
Figure D-67: NAS1805-4 Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-68: NAS1805-4 Life; 66% Y Preload 
D.3.3 75% Y Preload 
 
Figure D-69: NAS1805-4 Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-70: NAS1805-4 Removal Prevailing Torque; 75% Y Preload 
 
Figure D-71: NAS1805-4 Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-72: NAS1805-4 Breakloose Torque; 75% Y Preload 
 
 
Figure D-73: NAS1805-4 Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-74: NAS1805-4 Life; 75% Y Preload 
D.3.4 85% Y Preload 
 
Figure D-75: NAS1805-4 Assembly Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-76: NAS1805-4 Removal Prevailing Torque; 85% Y Preload 
 
Figure D-77: NAS1805-4 Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-78: NAS1805-4 Breakloose Torque; 85% Y Preload 
 
 
Figure D-79: NAS1805-4 Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-80: NAS1805-4 Life; 85% Y Preload 
D.3.5 Preload Averages 
 
Figure D-81: NAS1805-4 Assembly Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-82: NAS1805-4 Removal Prevailing Torque; Preload Average 
 
Figure D-83: NAS1805-4 Tightening Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-84: NAS1805-4 Breakloose Torque; Preload Average 
 
 
Figure D-85: NAS1805-4 Percent Difference; Preload Average 
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Appendix D (Continued) 
 
Figure D-86: NAS1805-4 Life; Preload Average 
 
Figure D-87: NAS1805-4 Percent Decrease of Assembly Prevailing Torque from Cycle 1 
to 2; Preload Average 
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Appendix D (Continued) 
 
D.4 MS17825-4 
D.4.1 Unseated 
 
 
Figure D-88: MS17825-4 Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-89: MS17825-4 Removal Prevailing Torque; Unseated 
 
Figure D-90: MS17825-4 Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-91: MS17825-4 Life; Unseated 
 
 
D.4.2 66% Y Preload 
 
Figure D-92: MS17825-4 Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-93: MS17825-4 Removal Prevailing Torque; 66% Y Preload 
 
Figure D-94: MS17825-4 Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-95: MS17825-4 Breakloose Torque; 66% Y Preload 
 
Figure D-96: MS17825-4 Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-97: MS17825-4 Life; 66% Y Preload 
 
D.4.3 75% Y Preload 
 
Figure D-98: MS17825-4 Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-99: MS17825-4 Removal Prevailing Torque; 75% Y Preload 
 
Figure D-100: MS17825-4 Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-101: MS17825-4 Breakloose Torque; 75% Y Preload 
 
 
Figure D-102: MS17825-4 Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-103: MS17825-4 Life; 75% Y Preload 
 
D.4.4 85% Y Preload 
 
Figure D-104: MS17825-4 Assembly Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-105: MS17825-4 Removal Prevailing Torque; 85% Y Preload 
 
Figure D-106: MS17825-4 Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-107: MS17825-4 Breakloose Torque; 85% Y Preload 
 
 
Figure D-108: MS17825-4 Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-109: MS17825-4 Life; 85% Y Preload 
 
D.4.5 Preload Averages 
 
Figure D-110: MS17825-4 Assembly Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-111: MS17825-4 Removal Prevailing Torque; Preload Average 
 
Figure D-112: MS17825-4 Tightening Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-113: MS17825-4 Breakloose Torque; Preload Average 
 
 
Figure D-114: MS17825-4 Percent Difference; Preload Average 
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Appendix D (Continued) 
 
Figure D-115: MS17825-4 Life; Preload Average 
 
 
Figure D-116: MS17825-4 Percent Decrease of Assembly Prevailing Torque from Cycle 
1 to 2; Preload Average 
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Appendix D (Continued) 
 
D.5 MS21044D4 
D.5.1 Unseated 
 
Figure D-117: MS21044D4 Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-118: MS21044D4 Removal Prevailing Torque; Unseated 
 
Figure D-119: MS21044D4 Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-120: MS21044D4 Life; Unseated 
D.5.2 66% Y Preload 
 
Figure D-121: MS21044D4 Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-122: MS21044D4 Removal Prevailing Torque; 66% Y Preload 
 
Figure D-123: MS21044D4 Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-124: MS21044D4 Breakloose Torque; 66% Y Preload 
 
 
Figure D-125: MS21044D4 Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-126: MS21044D4 Life; 66% Y Preload 
D.5.3 75% Y Preload 
 
Figure D-127: MS21044D4 Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-128: MS21044D4 Removal Prevailing Torque; 75% Y Preload 
 
Figure D-129: MS21044D4 Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-130: MS21044D4 Breakloose Torque; 75% Y Preload 
 
 
Figure D-131: MS21044D4 Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-132: MS21044D4 Life; 75% Y Preload 
D.5.4 85% Y Preload 
 
Figure D-133: MS21044D4 Assembly Prevailing Torque; 85% Y Preload 
1 2 3 4
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Trial #
Li
fe
 
Cy
cl
e
s
0 5 10 15
12
14
16
18
20
22
24
26
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 1
Trial 2
Trial 3
Trial 4
 300 
 
Appendix D (Continued) 
 
Figure D-134: MS21044D4 Removal Prevailing Torque; 85% Y Preload 
 
Figure D-135: MS21044D4 Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-136: MS21044D4 Breakloose Torque; 85% Y Preload 
 
 
Figure D-137: MS21044D4 Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-138: MS21044D4 Life; 85% Y Preload 
D.5.5 Preload Averages 
 
Figure D-139: MS21044D4 Assembly Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-140: MS21044D4 Removal Prevailing Torque; Preload Average 
 
Figure D-141: MS21044D4 Tightening Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-142: MS21044D4 Breakloose Torque; Preload Average 
 
 
Figure D-143: MS21044D4 Percent Difference; Preload Average 
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Appendix D (Continued) 
 
Figure D-144: MS21044D4 Life; Preload Average 
 
Figure D-145: MS21044D4 Percent Decrease of Assembly Prevailing Torque from Cycle 
1 to 2; Preload Average 
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Appendix D (Continued) 
 
D.6 MS21044D4 Lubricated with Braycote 
D.6.1 Unseated – Braycote 
 
Figure D-146: MS21044D4 Braycote Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-147: MS21044D4 Braycote Removal Prevailing Torque; Unseated 
 
Figure D-148: MS21044D4 Braycote Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-149: MS21044D4 Braycote Life; Unseated 
 
 
D.6.2 66% Y Preload – Braycote 
 
Figure D-150: MS21044D4 Braycote Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-151: MS21044D4 Braycote Removal Prevailing Torque; 66% Y Preload 
 
Figure D-152: MS21044D4 Braycote Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-153: MS21044D4 Braycote Breakloose Torque; 66% Y Preload 
 
 
Figure D-154: MS21044D4 Braycote Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-155: MS21044D4 Braycote Life; 66% Y Preload 
 
D.6.3 75% Y Preload – Braycote 
 
Figure D-156: MS21044D4 Braycote Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-157: MS21044D4 Braycote Removal Prevailing Torque; 75% Y Preload 
 
Figure D-158: MS21044D4 Braycote Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-159: MS21044D4 Braycote Breakloose Torque; 75% Y Preload 
 
 
Figure D-160: MS21044D4 Braycote Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-161: MS21044D4 Braycote Life; 75% Y Preload 
 
D.6.4 85% Y Preload – Braycote 
 
Figure D-162: MS21044D4 Braycote Assembly Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-163: MS21044D4 Braycote Removal Prevailing Torque; 85% Y Preload 
 
Figure D-164: MS21044D4 Braycote Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-165: MS21044D4 Braycote Breakloose Torque; 85% Y Preload 
 
 
Figure D-166: MS21044D4 Braycote Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-167: MS21044D4 Braycote Life; 85% Y Preload 
 
D.6.5 Preload Averages – Braycote 
 
Figure D-168: MS21044D4 Braycote Assembly Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-169: MS21044D4 Braycote Removal Prevailing Torque; Preload Average 
 
Figure D-170: MS21044D4 Braycote Tightening Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-171: MS21044D4 Braycote Breakloose Torque; Preload Average 
 
 
Figure D-172: MS21044D4 Braycote Percent Difference; Preload Average 
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Appendix D (Continued) 
 
Figure D-173: MS21044D4 Braycote Life; Preload Average 
 
 
Figure D-174: MS21044D4 Braycote Percent Decrease of Assembly Prevailing Torque 
from Cycle 1 to 2; Preload Average 
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Appendix D (Continued) 
 
D.7 MS21044D4 Lubrication Comparison 
D.7.1 Unseated 
 
Figure D-175: MS21044D4 Lubrication Comparison Assembly Prevailing Torque; 
Unseated 
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Appendix D (Continued) 
 
Figure D-176: MS21044D4 Lubrication Comparison Removal Prevailing Torque; 
Unseated 
 
Figure D-177: MS21044D4 Lubrication Comparison Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-178: MS21044D4 Lubrication Comparison Life; Unseated 
D.7.2 66% Y Preload 
 
Figure D-179: MS21044D4 Lubrication Comparison Assembly Prevailing Torque; 66% Y 
Preload 
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Appendix D (Continued) 
 
Figure D-180: MS21044D4 Lubrication Comparison Removal Prevailing Torque; 66% Y 
Preload 
 
Figure D-181: MS21044D4 Lubrication Comparison Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-182: MS21044D4 Lubrication Comparison Breakloose Torque; 66% Y Preload 
 
 
Figure D-183: MS21044D4 Lubrication Comparison Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-184: MS21044D4 Lubrication Comparison Life; 66% Y Preload 
D.7.3 75% Y Preload 
 
Figure D-185: MS21044D4 Lubrication Comparison Assembly Prevailing Torque; 75% Y 
Preload 
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Appendix D (Continued) 
 
Figure D-186: MS21044D4 Lubrication Comparison Removal Prevailing Torque; 75% Y 
Preload 
 
Figure D-187: MS21044D4 Lubrication Comparison Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-188: MS21044D4 Lubrication Comparison Breakloose Torque; 75% Y Preload 
 
 
Figure D-189: MS21044D4 Lubrication Comparison Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-190: MS21044D4 Lubrication Comparison Life; 75% Y Preload 
D.7.4 85% Y Preload 
 
Figure D-191: MS21044D4 Lubrication Comparison Assembly Prevailing Torque; 85% Y 
Preload 
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Appendix D (Continued) 
 
Figure D-192: MS21044D4 Lubrication Comparison Removal Prevailing Torque; 85% Y 
Preload 
 
Figure D-193: MS21044D4 Lubrication Comparison Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-194: MS21044D4 Lubrication Comparison Breakloose Torque; 85% Y Preload 
 
 
Figure D-195: MS21044D4 Lubrication Comparison Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-196: MS21044D4 Lubrication Comparison Life; 85% Y Preload 
D.7.5 Averaged Preload Comparison 
 
Figure D-197: MS21044D4 Lubrication Comparison Assembly Prevailing Torque; 
Preload Average 
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Appendix D (Continued) 
 
Figure D-198: MS21044D4 Lubrication Comparison Removal Prevailing Torque; Preload 
Average 
 
Figure D-199: MS21044D4 Lubrication Comparison Percent Difference; Preload 
Average 
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Appendix D (Continued) 
 
Figure D-200: MS21044D4 Lubrication Comparison Life 
D.8 NAS1021N4 
D.8.1 Unseated 
 
Figure D-201: NAS1021N4 Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-202: NAS1021N4 Removal Prevailing Torque; Unseated 
 
Figure D-203: NAS1021N4 Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-204: NAS2021N4 Life; Unseated 
D.8.2 66% Y Preload 
 
Figure D-205: NAS1021N4 Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-206: NAS1021N4 Removal Prevailing Torque; 66% Y Preload 
 
Figure D-207: NAS1021N4 Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-208: NAS1021N4 Breakloose Torque; 66% Y Preload 
 
 
Figure D-209: NAS1021N4 Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-210: NAS1021N4 Life; 66% Y Preload 
D.8.3 75% Y Preload 
 
Figure D-211: NAS1021N4 Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-212: NAS1021N4 Removal Prevailing Torque; 75% Y Preload 
 
Figure D-213: NAS1021N4 Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-214: NAS1021N4 Breakloose Torque; 75% Y Preload 
 
 
Figure D-215: NAS1021N4 Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-216: NAS1021N4 Life; 75% Y Preload 
D.8.4 85% Y Preload 
 
Figure D-217: NAS1021N4 Assembly Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-218: NAS1021N4 Removal Prevailing Torque; 85% Y Preload 
 
Figure D-219: NAS1021N4 Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-220: NAS1021N4 Breakloose Torque; 85% Y Preload 
 
 
Figure D-221: NAS1021N4 Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-222: NAS1021N4 Life; 85% Y Preload 
D.8.5 Preload Averages 
 
Figure D-223: NAS1021N4 Assembly Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-224: NAS1021N4 Removal Prevailing Torque; Preload Average 
 
Figure D-225: NAS1021N4 Tightening Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-226: NAS1021N4 Breakloose Torque; Preload Average 
 
 
Figure D-227: NAS1021N4 Percent Difference; Preload Average 
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Appendix D (Continued) 
 
Figure D-228: NAS1021N4 Life; Preload Average 
 
Figure D-229: NAS1021N4 Percent Decrease of Assembly Prevailing Torque from Cycle 
1 to 2; Preload Average 
 
 
66% 75% 85%
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
Preload
Li
fe
 
Cy
cl
e
s
66% 75% 85%
 0%
 2%
 4%
 6%
 8%
10%
12%
14%
Preload
Pe
rc
e
n
t D
e
cr
e
a
se
 349 
 
Appendix D (Continued) 
D.9 NAS1021N4 Lubricated with Braycote 
D.9.1 Unseated – Braycote 
 
Figure D-230: NAS1021N4 Braycote Assembly Prevailing Torque; Unseated 
 
Figure D-231: NAS1021N4 Braycote Removal Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-232: NAS1021N4 Braycote Percent Difference; Unseated 
 
Figure D-233: NAS1021N4 Braycote Life; Unseated 
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Appendix D (Continued) 
D.9.2 66% Y Preload – Braycote 
 
Figure D-234: NAS1021N4 Braycote Assembly Prevailing Torque; 66% Y Preload 
 
Figure D-235: NAS1021N4 Braycote Removal Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-236: NAS1021N4 Braycote Tightening Torque; 66% Y Preload 
 
Figure D-237: NAS1021N4 Braycote Breakloose Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-238: NAS1021N4 Braycote Percent Difference; 66% Y Preload 
 
Figure D-239: NAS1021N4 Braycote Life; 66% Y Preload 
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Appendix D (Continued) 
D.9.3 75% Y Preload – Braycote 
 
Figure D-240: NAS1021N4 Braycote Assembly Prevailing Torque; 75% Y Preload 
 
Figure D-241: NAS1021N4 Braycote Removal Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-242: NAS1021N4 Braycote Tightening Torque; 75% Y Preload 
 
Figure D-243: NAS1021N4 Braycote Breakloose Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-244: NAS1021N4 Braycote Percent Difference; 75% Y Preload 
 
Figure D-245: NAS1021N4 Braycote Life; 75% Y Preload 
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Appendix D (Continued) 
D.9.4 85% Y Preload – Braycote 
 
Figure D-246: NAS1021N4 Braycote Assembly Prevailing Torque; 85% Y Preload 
 
Figure D-247: NAS1021N4 Braycote Removal Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-248: NAS1021N4 Braycote Tightening Torque; 85% Y Preload 
 
Figure D-249: NAS1021N4 Braycote Breakloose Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-250: NAS1021N4 Braycote Percent Difference; 85% Y Preload 
 
Figure D-251: NAS1021N4 Braycote Life; 85% Y Preload 
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Appendix D (Continued) 
D.9.5 Preload Averages – Braycote 
 
Figure D-252: NAS1021N4 Braycote Assembly Prevailing Torque; Preload Average 
 
Figure D-253: NAS1021N4 Braycote Removal Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-254: NAS1021N4 Braycote Tightening Torque; Preload Average 
 
Figure D-255: NAS1021N4 Braycote Breakloose Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-256: NAS1021N4 Braycote Percent Difference; Preload Average 
 
Figure D-257: NAS1021N4 Braycote Life; Preload Average 
 
0 5 10 15
-60%
-50%
-40%
-30%
-20%
-10%
  0%
 10%
Pe
rc
e
n
t D
iff
e
re
n
ce
Cycle
 
 
66% Preload
75% Preload
85% Preload
66% 75% 85%
0
1
2
Preload
Li
fe
 
Cy
cl
e
s
 363 
 
Appendix D (Continued) 
 
Figure D-258: NAS1021N4 Braycote Percent Decrease of Assembly Prevailing Torque 
from Cycle 1 to 2; Preload Average 
D.10 NAS1021N4 Lubrication Comparison 
D.10.1 Unseated 
 
Figure D-259: NAS1021N4 Lubrication Comparison Assembly Prevailing Torque; 
Unseated 
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Appendix D (Continued) 
 
Figure D-260: NAS1021N4 Lubrication Comparison Removal Prevailing Torque; 
Unseated 
 
Figure D-261: NAS1021N4 Lubrication Comparison Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-262: NAS1021N4 Lubrication Comparison Life; Unseated 
D.10.2 66% Y Preload 
 
Figure D-263: NAS1021N4 Lubrication Comparison Assembly Prevailing Torque; 66% Y 
Preload 
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Appendix D (Continued) 
 
Figure D-264: NAS1021N4 Lubrication Comparison Removal Prevailing Torque; 66% Y 
Preload 
 
Figure D-265: NAS1021N4 Lubrication Comparison Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-266: NAS1021N4 Lubrication Comparison Breakloose Torque; 66% Y Preload 
 
 
Figure D-267: NAS1021N4 Lubrication Comparison Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-268: NAS1021N4 Lubrication Comparison Life; 66% Y Preload 
D.10.3 75% Y Preload 
 
Figure D-269: NAS1021N4 Lubrication Comparison Assembly Prevailing Torque; 75% Y 
Preload 
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Appendix D (Continued) 
 
Figure D-270: NAS1021N4 Lubrication Comparison Removal Prevailing Torque; 75% Y 
Preload 
 
Figure D-271: NAS1021N4 Lubrication Comparison Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-272: NAS1021N4 Lubrication Comparison Breakloose Torque; 75% Y Preload 
 
 
Figure D-273: NAS1021N4 Lubrication Comparison Percent Difference; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-274: NAS1021N4 Lubrication Comparison Life; 75% Y Preload 
D.10.4 85% Y Preload 
 
Figure D-275: NAS1021N4 Lubrication Comparison Assembly Prevailing Torque; 85% Y 
Preload 
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Appendix D (Continued) 
 
Figure D-276: NAS1021N4 Lubrication Comparison Removal Prevailing Torque; 85% Y 
Preload 
 
Figure D-277: NAS1021N4 Lubrication Comparison Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-278: NAS1021N4 Lubrication Comparison Breakloose Torque; 85% Y Preload 
 
 
Figure D-279: NAS1021N4 Lubrication Comparison Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-280: NAS1021N4 Lubrication Comparison Life; 85% Y Preload 
D.10.5 Averaged Preload Comparison 
 
Figure D-281: NAS1021N4 Lubrication Comparison Assembly Prevailing Torque; 
Preload Average 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Braycote      
No Lubrication
Life Cycles
0 5 10 15
2
4
6
8
10
12
14
16
18
20
22
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
No Lubrication
Braycote
 375 
 
Appendix D (Continued) 
 
Figure D-282: NAS1021N4 Lubrication Comparison Removal Prevailing Torque; Preload 
Average 
 
Figure D-283: NAS1021N4 Lubrication Comparison Percent Difference; Preload 
Average 
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Appendix D (Continued) 
 
Figure D-284: NAS1021N4 Lubrication Comparison; Life 
D.11 Grade 8 
D.11.1 Unseated 
 
Figure D-285: Grade 8 Assembly Prevailing Torque; Unseated 
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Appendix D (Continued) 
 
Figure D-286: Grade 8 Removal Prevailing Torque; Unseated 
 
Figure D-287: Grade 8 Percent Difference; Unseated 
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Appendix D (Continued) 
 
Figure D-288: Grade 8 Life; Unseated 
D.11.2 66% Y Preload 
 
Figure D-289: Grade 8 Assembly Prevailing Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-290: Grade 8 Removal Prevailing Torque; 66% Y Preload 
 
Figure D-291: Grade 8 Tightening Torque; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-292: Grade 8 Breakloose Torque; 66% Y Preload 
 
 
Figure D-293: Grade 8 Percent Difference; 66% Y Preload 
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Appendix D (Continued) 
 
Figure D-294: Grade 8 Life; 66% Y Preload 
D.11.3 75% Y Preload 
 
Figure D-295: Grade 8 Assembly Prevailing Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-296: Grade 8 Removal Prevailing Torque; 75% Y Preload 
 
Figure D-297: Grade 8 Tightening Torque; 75% Y Preload 
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Appendix D (Continued) 
 
Figure D-298: Grade 8 Breakloose Torque; 75% Y Preload 
 
 
Figure D-299: Grade 8 Percent Difference; 75% Y Preload 
0 5 10 15
100
150
200
250
300
350
To
rq
u
e
 
(in
-
lb
)
Cycle
 
 
Trial 2
Trial 3
Trial 4
0 5 10 15
-50%
-40%
-30%
-20%
-10%
  0%
 10%
 20%
Pe
rc
e
n
t D
iff
e
re
n
ce
Cycle
 
 
Trial 1
Trial 2
Trial 3
Trial 4
 384 
 
Appendix D (Continued) 
 
Figure D-300: Grade 8 Life; 75% Y Preload 
D.11.4 85% Y Preload 
 
Figure D-301: Grade 8 Assembly Prevailing Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-302: Grade 8 Removal Prevailing Torque; 85% Y Preload 
 
Figure D-303: Grade 8 Tightening Torque; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-304: Grade 8 Breakloose Torque; 85% Y Preload 
 
 
Figure D-305: Grade 8 Percent Difference; 85% Y Preload 
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Appendix D (Continued) 
 
Figure D-306: Grade 8 Life; 85% Y Preload 
D.11.5 Preload Averages 
 
Figure D-307: Grade 8 Assembly Prevailing Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-308: Grade 8 Removal Prevailing Torque; Preload Average 
 
Figure D-309: Grade 8 Tightening Torque; Preload Average 
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Appendix D (Continued) 
 
Figure D-310: Grade 8 Breakloose Torque; Preload Average 
 
 
Figure D-311: Grade 8 Percent Difference; Preload Average 
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Appendix D (Continued) 
 
Figure D-312: Grade 8 Life; Preload Average 
 
 
Figure D-313: Grade 8 Percent Decrease of Assembly Prevailing Torque from Cycle 1 to 
2; Preload Average 
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Appendix E:   Locknut Average Standard Deviations 
E.1 MS21043-4 
 
Table E-1: MS21043-4; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 0.8574024 0.8039184 0.96425705 0.024982 0.029890339 
Median 16.25 11.75 15.88 -0.305333 -0.006588826 
Maximum 19 14.13 19.31 -0.249487 0.043957431 
Minimum 15.56 10.88 15.13 -0.346683 -0.078159341 
 
Table E-2: MS21043-4; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.5412941 13.0013105 17.2272896 0.8854545 0.09719118 
Median 11.67 243.67 208.67 8.9666667 -0.282017544 
Maximum 17 262 229.67 10.5 -0.081196581 
Minimum 10.7 213.67 160 7.33 -0.474048174 
 
Table E-3: MS21043-4; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 2.0433383 17.470787 14.6365431 0.8666221 0.103896692 
Median 9.5 261.66667 221.67 6.5 -0.33743842 
Maximum 16 302.5 250 8.67 -0.180020704 
Minimum 8.67 240 196.67 5 -0.59375 
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Appendix E (Continued) 
 
Table E-4: MS21043-4; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.7642191 16.623463 21.1595935 1.4270751 0.057575859 
Median 14.75 330 278.33 9.25 -0.42 
Maximum 19 355 315 12.83 -0.260119048 
Minimum 12.67 303.33 243.33 7.5 -0.47875 
 
 
Table E-5: MS21043-4; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.6332155 13.8227492 16.617419 0.8519518 0.064300527 
Median 12.08 275.33 232.78 8.0138889 -0.324379508 
Maximum 16.83 305.06 264.56 10.27 -0.226080372 
Minimum 10.972222 257.89 208.33 6.67 -0.498789868 
 
E.2 NAS1291-4 
 
Table E-6: NAS1291-4; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 0.7080882 1.2606766 0.56902085 0.042879 0.025713822 
Median 16.88 12.25 17.75 -0.311166 0.039302298 
Maximum 19.31 15.44 18.75 -0.235625 0.068013393 
Minimum 16.25 10.38 16.63 -0.376977 -0.034722746 
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Appendix E (Continued) 
 
 
Table E-7: NAS1291-4; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.5560491 17.9502192 16.5454257 0.9515835 0.050653992 
Median 14.17 201.33 176.67 11.08 -0.215075155 
Maximum 19.67 230 202.67 14.5 -0.094461538 
Minimum 12.67 169 144.67 10.33 -0.302020202 
 
 
Table E-8: NAS1291-4; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.9382294 17.235708 17.9820761 1.9710403 0.049168273 
Median 15.33 233 203.33 13.33 -0.127931904 
Maximum 20.83 248.33 215.67 17.58 -0.05008135 
Minimum 12.83 186.33 159 10.17 -0.207692308 
 
 
Table E-9: NAS1291-4; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.1391105 21.838962 21.2402846 1.5759395 0.079358288 
Median 12.83 253.33 222.5 12.233333 -0.069444444 
Maximum 16.67 275 240 14.25 0.020186335 
Minimum 11.5 201.66667 171.67 8.5 -0.263257576 
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Appendix E (Continued) 
 
 
Table E-10: NAS1291-4; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.4704321 18.4956214 18.299365 1.3216432 0.036684902 
Median 13.89 229.11 200.94444 12.411111 -0.128833449 
Maximum 19.06 243 217.11111 15.64 -0.091262104 
Minimum 12.5 187 159 10.27 -0.203247859 
 
E.3 NAS1805-4 
Table E-11: NAS1805-4; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 7.810653 7.5939976 8.20493373 0.139575 0.134441181 
Median 11.75 12 10.75 -0.11 -0.052323481 
Maximum 24.63 26.63 24.5 0.17 0.135497835 
Minimum 4 3 3.5 -0.349167 -0.303030303 
 
Table E-12: NAS1805-4; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 7.8924757 30.5026411 25.86544 10.050588 0.231598316 
Median 19 165.67 147.67 14.83 -0.077777778 
Maximum 30.33 231.67 189 35.5 0.361640212 
Minimum 2.5 120.33 104.67 2 -0.5 
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Appendix E (Continued) 
 
Table E-13: NAS1805-4; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 7.2471493 32.103044 32.8279014 6.5707592 0.202896185 
Median 13.17 170 149.33 11.67 -0.042246642 
Maximum 20 215 190 21.67 0.365079365 
Minimum 1.5 121.66667 100 2 -0.244346297 
 
Table E-14: NAS1805-4; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 5.6861484 21.825865 20.8541555 4.5296145 0.207491489 
Median 16 172 142.33 11.67 -0.04962963 
Maximum 19.83 210 176.5 20.08 0.4 
Minimum 3 131.66667 105 5 -0.403831418 
 
Table E-15: NAS1805-4; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 6.7137443 27.4074039 25.779507 6.755816 0.144379412 
Median 16.67 169.22 146.64 12.72 -0.030128208 
Maximum 21.89 208.89 185.16667 24.805556 0.195375649 
Minimum 2.5 125.11 103.22222 3 -0.351282903 
 
 
 
 396 
 
Appendix E (Continued) 
 
E.4 MS17825-4 
Table E-16: MS17825-4; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 0.9684789 0.502701 0.68844632 0.043613 0.035460193 
Median 4.81 4.25 4.63 -0.144643 -0.051015406 
Maximum 8.5 6.06 7.25 -0.1088 -0.00280112 
Minimum 4.63 4 4.5 -0.276718 -0.146765351 
 
Table E-17: MS17825-4; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 0.9203797 32.149389 39.8597758 0.4461253 0.062127266 
Median 4 240 220.67 3.67 -0.098039216 
Maximum 7.42 260.33 297.5 4.92 -0.076252723 
Minimum 3.67 149.67 132.33 3.33 -0.336805556 
 
Table E-18: MS17825-4; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.0571844 34.660494 41.8005999 0.3450935 0.076286773 
Median 4.38 255 154.67 3.75 -0.136111111 
Maximum 8.33 290 231.67 4.83 -0.11111 
Minimum 4 172.33 106.88 3.5 -0.418981481 
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Appendix E (Continued) 
 
Table E-19: MS17825-4; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.1558693 29.046846 38.6953637 0.398202 0.119267601 
Median 5.25 278.33 187.5 4.5 -0.120454545 
Maximum 9.67 307.5 265 5.42 5.55112E-17 
Minimum 4.75 198 129.33 3.92 -0.437962963 
 
Table E-20: MS17825-4; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.0294381 28.3204158 22.779249 0.3076472 0.077444815 
Median 4.47 256.78 187.39 3.9722222 -0.129930019 
Maximum 8.47 273.64 231.64 5.06 -0.079166667 
Minimum 4.17 173.33 152.66667 3.78 -0.397916667 
 
E.5 MS21044D4 
Table E-21: MS21044D4; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 2.1134244 1.25716 1.78104409 0.057763 0.0249296 
Median 16 12.25 15.88 -0.214299 -0.04402464 
Maximum 22.25 15.81 19.94 -0.096633 0.002008929 
Minimum 13.13 10.75 12.75 -0.309504 -0.104675638 
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Appendix E (Continued) 
 
Table E-22: MS21044D4; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 2.2231665 63.4255177 58.2232824 1.5618919 0.028677519 
Median 17.5 295 243.33 8 -0.53015873 
Maximum 23.33 363.33 321.67 12.67 -0.451178451 
Minimum 15.67 180 155 7.17 -0.550113883 
 
Table E-23: MS21044D4; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.9266167 66.419124 62.2590665 1.0635661 0.035976617 
Median 17.5 348.33 306.67 8.33 -0.511213518 
Maximum 23.33 405 366.67 11.67 -0.41603561 
Minimum 15.5 220.83 185 7.67 -0.571171171 
 
Table E-24: MS21044D4; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 2.1387518 53.898911 55.4149331 1.2232319 0.064490665 
Median 15.83 366.66667 336.67 8 -0.515178571 
Maximum 23.17 420 386.67 11.5 -0.346296296 
Minimum 14.25 245 213.33 6.5 -0.559770115 
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Table E-25: MS21044D4; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 2.0466993 59.8569969 56.775241 1.1311162 0.025998851 
Median 17 350.56 296.11111 8.1944444 -0.513401447 
Maximum 23.27 390 352.22222 11.944444 -0.465066815 
Minimum 15.64 215.27 184.64 7.33 -0.542814499 
 
E.6 NAS1021N4 
Table E-26: NAS1021N4; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.9071776 1.8443137 1.50844843 0.034715 0.033594003 
Median 15.5 11.13 14.75 -0.293803 -0.032526882 
Maximum 21.63 16.69 19.63 -0.215039 0.038392857 
Minimum 13.88 9.13 13.75 -0.346321 -0.093136305 
 
Table E-27: NAS1021N4; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.8225609 29.1535028 27.2003313 1.3232955 0.028426344 
Median 15.33 266.67 246.67 8.92 -0.416973039 
Maximum 21.33 280.33 263.33 13.58 -0.358089669 
Minimum 14.67 170.83 160.83 8.08 -0.463191763 
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Table E-28: NAS1021N4; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.8277187 29.854379 26.9759838 1.0469533 0.027137146 
Median 15.67 296.66667 256.67 8.5 -0.461843588 
Maximum 20.67 320 296.67 10.83 -0.391954023 
Minimum 12.92 201.66667 185 6.42 -0.515350389 
 
Table E-29: NAS1021N4; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.5248558 27.348686 26.9970277 2.2954598 0.1279817 
Median 14.67 340 293.33 8.5 -0.430977983 
Maximum 19 356.66667 338.33 16 0.028846154 
Minimum 13.67 246.66667 231.67 6.58 -0.546666667 
 
Table E-30: NAS1021N4; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.6645563 27.2612737 24.541432 1.2515368 0.04702367 
Median 15.11 298.89 265 8.75 -0.441191637 
Maximum 20.33 315.56 292.22222 12.138889 -0.281254489 
Minimum 13.92 206.39 192.5 7.111 -0.495230376 
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Appendix E (Continued) 
E.7 Grade 8 
Table E-31: Grade 8; Unseated 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 0.96 0.52 0.77 0.04 0.03 
Median 6.56 5.94 6.88 -0.08 0.04 
Maximum 9.63 7.56 9.19 -0.04 0.08 
Minimum 5.88 5.5 6.19 -0.22 -0.05 
 
Table E-32: Grade 8; 66% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.47 7.57 6.11 0.38 0.09 
Median 5.42 158.33 128.33 4.83 -0.09 
Maximum 11 173.67 141 5.83 0.01 
Minimum 4.67 148.33 117.67 4.58 -0.47 
 
Table E-33: Grade 8; 75% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.25 16.79 20.31 0.62 0.08 
Median 6.42 167.33 145.67 6.42 -0.01 
Maximum 11 215 200 7.5 0.01 
Minimum 5.92 156.33 129.33 5.67 -0.31 
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Table E-34: Grade 8; 85% Y Preload 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal 
Prevailing 
St Dev 1.43 13.71 9.53 0.52 0.1 
Median 6.33 185.33 148.33 6.75 0.05 
Maximum 11.67 226.67 174 8.17 0.12 
Minimum 5.92 172.67 136.67 6.33 -0.3 
 
Table E-35: Grade 8; Averaged 
Assembly 
Prevailing 
(in-lbs) 
Tightening 
(in-lbs) 
Breakloose 
(in-lbs) 
Removal 
Prevailing 
(in-lbs) 
Percent Difference 
between Assembly 
Prevailing and 
Removal Prevailing 
St Dev 1.38 9.35 8.24 0.5 0.09 
Median 6.06 173.56 143 6 -0.02 
Maximum 11.22 196.67 161.11 7.111 0.02 
Minimum 5.5 160 132 5.58 -0.35 
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Appendix F:   Preload Calculations 
F.1 NAS1004-29A 
• 0.2% Yield Strength:  100,000psi  
• Tensile Stress Area:  0.0364 in
2
 
• 100% Preload: 
100,000#$% ∗ 0.0364%+	  3640,-                            Equation F-1 
• 66% Y Preload: 
 .100,000#$% ∗ 0.0364%+	/ ∗ 0.66	  2400,-                  Equation F-2  
• 75% Y Preload:  
 .100,000#$% ∗ 0.0364%+	/ ∗ 0.75	  2730,-                   Equation F-3 
• 85% Y Preload:  
 .100,000#$% ∗ 0.0364%+	/ ∗ 0.85	  3100,-	                 Equation F-4 
F.2 Grade 8  
• 0.2% Yield Strength:  130,000psi 
• Tensile Stress Area:  0.0364 in
2
 
• 100% Preload: 
130,000#$% ∗ 0.0364%+	  4730,-                         Equation F-5 
• 66% Y Preload: 
  .130,000#$% ∗ 0.0364%+	/ ∗ 0.66	  3120,-                Equation F-6 
• 75% Y Preload:  
 .130,000#$% ∗ 0.0364%+	/ ∗ 0.75	  3550,-                 Equation F-7 
• 85% Y Preload:  
 .130,000#$% ∗ 0.0364%+	/ ∗ 0.85	  4020,-              Equation F-8
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Appendix G:   Test Plan 
G.1 Materials 
Table G-1: Materials 
Part Number Description QTY 
MS17825-4  0.25-28 locknut 12 
NASM21043-4 0.25-28 locknut 12 
MS21044D4 (NAS1021H4) 0.25-28 locknut 12 
NAS1021N4 0.25-28 locknut 12 
NAS1291-4 0.25-28 locknut 12 
NAS1805-4 0.25-28 locknut 12 
Grade 8 Locknut 0.25-28 locknut 12 
NAS1149 ID-0.25 OD-0.5 washer 72 
Grade 8 Washer ID-0.25 OD-0.75 washer 12 
NAS1004 0.25-28 bolt 72 
Grade 8 Bolt 0.25-28 bolt 12 
Cotton Swab  As required 
Degreaser MEK As required 
Lubricant(s) Castrol Braycote 601 EF (Perfloutoether) 
3-in-1 Multi-Purpose Oil (Naphthenic Oil) 
As required 
As required 
Torque Wrench(es) Torque wrench (0 - 600 in-lbs) 
Torque wrench (0 - 250 in-lbs) 
Torque wrench (0 - 75 in-lbs) 
Torque wrench (0 - 30 in-lbs) 
Torque wrench (0 - 12 in-lbs) 
1 
1 
1 
1 
1 
Box/Open Wrench 7/16” 1 
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Table G-1 (Continued) 
Ratchet Socket(s) 6 Point 5/16” x 3/8” Drive 
6 Point 5/16” x 1/4" Drive 
6 Point 7/16” x 3/8” Drive 
6 Point 7/16” x 1/4” Drive 
12 Point 5/16” x 3/8” Drive 
12 Point 5/16” x 1/4” Drive 
1 
1 
1 
1 
1 
1 
Load Cell 0-5000 lbs Load Cell 1 
Fixture Testing Fixture 1 
 
G.2 Test Procedure 
I Test Procedure for MS17825-4 
I.1 Prepare testing fixture  
I.1.1 Place lower plate in bench vise 
I.1.2 Place load cell into groove of lower plate 
I.1.2.1 Ensure load cell is properly zeroed 
I.1.3 Lay middle plate on top of load cell 
I.1.3.1 Be sure to align the center hole of middle plate with the 
hole in the load cell 
I.1.4 Take top plate and place on top of middle plate 
I.1.4.1 Be sure lowering bolts are in extended position 
I.1.4.1.1 For required distance between top and middle 
plates in order to: 
I.1.4.1.1.1 Allow sufficient space so that the 
amount of  threads showing after the 
lock nut is no less than half the diameter 
of the bolt 
I.1.4.1.1.2 Allow for lowering of top plate to 
acquire break away torque of locknut 
with preload removed 
I.1.4.2 Be sure bottom of bolts are placed on middle plate 
I.1.4.3 Be sure to align the center hole of middle plate with the 
hole of load cell 
I.2 Obtain 4 MS17825-4 locknuts 
I.3 Obtain 4 NAS1004 bolts 
I.4 Obtain 4 NAS1149 washers 
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I.5 Clean test bolts in ultra-sonic cleaner with MEK for 15 minutes 
I.6 Place Grade 8 washer on test bolt 
I.7 Install test bolt onto fixture 
I.7.1 Install so head of bolt is on bottom of fixture (closest to load cell)  
I.8 Ensure test bolt’s threads are showing through top of fixture with no grip 
showing, while allowing for the number of threads to show when locknut 
is tightened (half the bolts diameter, above the locknut) 
I.8.1 To achieve this loosen or tighten the top plate bolts to lower or 
rise the top plate 
I.9 Place a NAS1149 washer on end of bolt 
I.10 For Trial 1 – Half Cycle 
I.10.1 Do not apply Lubricant to locknut 
I.10.2 Place a washer and a MS17825-4 locknut on test bolt protruding 
thread from top plate 
I.10.3 Hand tighten lock nut up to locking feature 
I.10.4 Begin to run locknut down thread until locking feature fully 
engaged 
I.10.4.1 Locking feature is fully engaged when two of the test  
bolts threads are  visible  
I.10.5 Measure and record Assembly Prevailing Torque 
I.10.5.1 Average over 1 revolution 
I.10.6 Place and hold locknut at a preload of 66% Y 
I.10.6.1 Hold bolt head while turning locknut with torque wrench 
I.10.6.2 Hold for at least 5 seconds 
I.10.7 Record Tightening Torque used to achieve preload 
I.10.8 Lower top plate to remove preload 
I.10.8.1 Do so by loosening fixture bolts  
I.10.8.2 Turn each fixture bolt 180° switching fixture bolt in a   
rotating pattern  
I.10.9 Measure and record Removal Prevailing (Breakaway) Torque 
I.10.9.1 Loosen locknut 
I.10.9.2 Average over 1 revolution 
I.10.10 Measure and record Assembly Prevailing Verification Torque 
I.10.10.1 Turn locknut in tightening direction 
I.10.10.1.1 Average of 1 revolution 
I.10.11 Loosen and remove locknut from bolt 
I.10.11.1 Blow out/away any debris from locknut and bolt with 
compressed air 
I.10.12 Repeat for 15 cycles or 2 cycles after locking feature failure 
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I.11      For Trial 2 – Full Cycle 
I.11.1 Do not apply lubricant to locknut  
I.11.2 Place a new washer and a new MS17825-4 lock nut on a new test 
bolt 
I.11.3 Hand tighten lock nut up to locking feature 
I.11.4 Begin to run locknut down thread until locking feature fully 
engaged 
I.11.4.1 Locknut is fully engaged when two of the test bolt’s 
threads are visible 
I.11.4.2 Measure and record Assembly Prevailing Torque 
I.11.4.2.1    Average over 1 revolution 
I.11.5 Place and hold locknut at preload of 66% Y 
I.11.5.1 Hold bolt head while turning locknut with torque wrench 
I.11.5.2 Hold for at least 5 seconds 
I.11.6 Measure and record Tightening Torque used to achieve preload 
I.11.7 Do not lower plate to remove preload 
I.11.8 Record Breakloose Torque while under preload 
I.11.8.1 Hold test bolt head while turning locknut counter 
clockwise with torque wrench 
I.11.8.2 Loosen locknut – until preload is fully removed 
I.11.9 Measure and record Removal Prevailing Torque 
I.11.9.1 Loosen locknut 
I.11.9.1.1    Average over 1 revolution 
I.11.10 Loosen and remove locknut from bolt 
I.11.10.1 Blow out/away any debris from locknut and bolt with 
compressed air 
I.11.11 Repeat for up to 15 cycles or 2 cycles after locking feature failure 
I.12      For Trial 3 – Full Cycle 
I.12.1 Repeat step 1.11 with new fasteners 
I.13      For Trial 4 – Full Cycle 
I.13.1 Repeat step 1.11 with new fasteners 
I.14      Repeat for preloads of 75% Y and 85 
 
II Test Procedure for MS21043-4 
II.1       Repeat Step 1 with MS21043-4 in place of MS17825-4 
 
III Test Procedure for MS21044D4 (NAS1021H4) 
III.1      Repeat Step 1 with MS21044D4 (NAS1021H4) in place of MS17825-4 
 
IV Test Procedure for NAS1021N4 
IV.1 Repeat Step 1 with NAS1021N4 in place of MS17825-4 
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V Test Procedure for NAS1291-4 
V.1       Repeat Step 1 with NAS1291-4 in place of MS17825-4 
 
VI Test Procedure for NAS1805-4 
VI.1 Repeat Step 1 with NAS1805-4 in place of MS17825-4 
 
VII Test Procedure for Granger Locknut 
VII.1 Repeat Step 1 with Grade 8 Locknut in place of MS17825-4; Grade 8 bolt 
in place of NAS1004 bolt; Grade 8 washer in place of NAS1149 washer; 
and apply 3-IN-ONE(Naphthenic Oil) before placing locknut on test bolt 
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Appendix H:   Manufacturers’ Certificates 
H.1 MS21043-4 
 
Figure H-1: MS21043-4 Manufacturer’s Certificate Page 1 
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Figure H-2: MS21043-4 Manufacturer’s Certificate Page 2 
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Figure H-3: MS21043-4 Manufacturer’s Certificate Page 3 
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Figure H-4: MS21043-4 Manufacturer’s Certificate Page 4 
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Figure H-5: MS21043-4 Manufacturer’s Certificate Page 5 
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Figure H-6: MS21043-4 Manufacturer’s Certificate Page 6 
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Figure H-7: MS21043-4 Manufacturer’s Certificate Page 7 
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Figure H-8: MS21043-4 Manufacturer’s Certificate Page 8 
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Figure H-9: MS21043-4 Manufacturer’s Certificate Page 9 
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Figure H-10: MS21043-4 Manufacturer’s Certificate Page 10 
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Figure H-11: MS21043-4 Manufacturer’s Certificate Page 11 
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H.2     NAS1291-4 
 
Figure H-12: NAS1291-4 Manufacturer’s Certificate Page 1 
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Figure H-13: NAS1291-4 Manufacturer’s Certificate Page 2 
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Figure H-14: NAS1291-4 Manufacturer’s Certificate Page 3 
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Figure H-15: NAS1291-4 Manufacturer’s Certificate Page 4 
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H.3     NAS1805-4 
 
Figure H-16: NAS1805-4 Manufacturer’s Certificate Page 1 
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Figure H-17: NAS1805-4 Manufacturer’s Certificate Page 2 
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Figure H-18: NAS1805-4 Manufacturer’s Certificate Page 3 
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Figure H-19: NAS1805-4 Manufacturer’s Certificate Page 4 
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Figure H-20: NAS1805-4 Manufacturer’s Certificate Page 5 
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Figure H-21: NAS1805-4 Manufacturer’s Certificate Page 6 
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Figure H-22: NAS1805-4 Manufacturer’s Certificate Page 7 
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H.4     MS17825-4 
 
Figure H-23: MS17825-4 Manufacturer’s Certificate Page 1 
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Figure H-24: MS17825-4 Manufacturer’s Certificate Page 2 
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H.5     MS21044D4 
 
 
Figure H-25: MS21044D4 Manufacturer’s Certificate Page 1 
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Figure H-26: MS21044D4 Manufacturer’s Certificate Page 2 
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H.6     NAS1021N4 
 
 
Figure H-27: NAS1021N4 Manufacturer’s Certificate Page 1 
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Figure H-28: NAS1021N4 Manufacturer’s Certificate Page 2 
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H.7     NAS1004-29A 
 
Figure H-29: NAS1004-29A Manufacturer’s Certificate Page 1 
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Figure H-30: NAS1004-29A Manufacturer’s Certificate Page 2 
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Figure H-31: NAS1004-29A Manufacturer’s Certificate Page 3 
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Figure H-32: NAS1004-29A Manufacturer’s Certificate Page 4 
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Figure H-33: NAS1004-29A Manufacturer’s Certificate Page 5 
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Figure H-34: NAS1004-29A Manufacturer’s Certificate Page 6 
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Figure H-35: NAS1004-29A Manufacturer’s Certificate Page 7
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Appendix I:   Summaries of Locknut Individual Testing 
I.1 MS21043-4 
Assembly Prevailing Torque decreased noticeably between the first and second 
tightening for each trial with a range of 13-50%.  The Removal and Assembly Verification 
Torques also decreased moderately between the first and second tightening.  For the 
first several cycles the Tightening and Breakloose Torques increased, and then they 
began a decreasing trend.  After a few cycles the Tightening and Breakloose Torques 
reestablished an increasing trend.  Some trials failed before 15 cycles while other lasted 
all 15.  Several failures occurred due to the 6-Point hex of the locknut being damaged 
and no longer allowing for further tightening.   
Conclusion; the locknut performed well.  The Prevailing Torques were fairly 
predictable.  The Tightening and Breakloose Torques were not predicable, this could 
have been caused by lubrication not being distributed at first, then distributed and 
finally worn away from use.   The 6-Point hex damage was likely the result of the steel 
used to create the locknut was softer than the metal used for the socket. 
I.2     NAS1291-4 
Assembly Prevailing Torque decreased noticeably between the first and second 
tightening for each trial with a range of 20-33%.  The Assembly Prevailing Torque 
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remained steady for the first several cycles after the Cycle 1 decrease.  Then it began to 
decrease in a predicable fashion.  The Tightening and Breakloose Torques increased 
throughout most of the trials fairly steadily.  The Removal Torques tended to fluctuate 
slightly throughout the trials, though with an over-all pattern of decreasing trend.  There 
were regularly metal particles present after the first tightenings, most likely the 
locknut’s finish being worn off.  
Conclusion; this locknut faired very well, the best all-metal type locknut.  The 
behavior of the locknut was mostly predicable and few surprises.  The metal shavings 
were most likely just the finish on the underside of the locknut being worn off the 
locknut when being tightened on the washer for the first time. 
I.3     NAS1805-4 
The Assembly Prevailing Torque either remained unchanged or increased 
between the first and second tightening.  Both Assembly Verification and Removal 
Prevailing Torques increased between first and second tightening.  Around Cycle 4 or 5 
the Prevailing Torques began to decrease.  When loss in measured torque began, it 
occurred very rapidly over the next cycles until failure.   Thin continuous straight chips of 
metal from the test bolt’s tread were created during Cycle 3 due to the locknut.  After 
each cycle there was a noticeable amount of metal filings/particles.  Upon inspection of 
bolt threads after locknut failure, the first 1/3 of the bolt’s threads had been noticeably 
shaved down.  Half Cycle Trials failed earlier than Full Cycle Trials.  
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Conclusion; the locknut was very good for the first few cycles, with little to no 
degradation in the measurements, though by Cycle 4 that changed drastically.  Galling 
may be a reason of the change in measured values.  The damage to the bolt had a large 
effect on the measurements.  The locknut was held to a Rockwell C Scale rating of 49, 
where the bolt’s rating was much lower at 32.  With the locknut being a noticeably 
higher hardness than the bolt is what lead to the bolt’s thread damage.  The small metal 
particles were possibly due to the locknut’s coating wearing off.   Reasons for Full Cycles 
trial lasting longer than Half Cycles could be that the Half Cycle Removal Torque 
measurements are recorded from the segment of threads of the bolt which experience 
the full force of the preload.  In the Full Cycle, that portion of the bolt is being used to 
measure the Breakloose Torque, and the Removal Torque in measured from a segment 
of the bolt which experiences limited preload forcing.   
I.4     MS17825-4 
Assembly Prevailing Torque decreased noticeably between the first and second 
tightening for each trial with a range of 25-45%.  The Removal and Assembly Verification 
Prevailing Torques also decreased from the first tightening.  Over-all all three had a 
steady decreasing trend throughout the trials.  The Tightening and Breakloose Torques 
were not very predicable between trials.  Different trials had different patterns.  Some 
patterns were oscillatory, others increased then decreased, and others only decreased.  
This locknut had strange behavior.   
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Conclusion; the strange behavior may be attributed to the design of the locknut.  
It is a slotted locknut with a nylon insert.  The slotted portion reduced the amount of the 
locknut that possessed threads by what appears to be about half.  The nylon is a ring 
insert, which is also slotted, has less material to be utilized for preventing loosening of 
the locknut.  Also since it is slotted it is meant to be pair with locking wire when in use. 
I.5     MS21044D4 
Assembly Prevailing Torque decreased between the first and second tightening 
for each trial with a range of 10-15%.  The Assembly Verification and Removal Torques 
had a slight decreasing trend throughout the trials.  The Tightening and Breakloose 
Torques had steady increases in measured values throughout the trial.  Generally there 
was an appearance of small chips of the green nylon after the Assembly Prevailing 
Torque measurement of the 2
nd
 Cycle on many of the trials.  The locknut survived 15 
cycles for unseated. 66% Y Preload, and 75% Y Preload; averaging about 13.75 cycles at 
85% Y Preload.   
Conclusion; the locknut performed very well.  Most of the data was predictable, 
save the sharp rises in the Tightening and Breakloose Torques, which may have been 
caused by the lubrication being worn away in the earlier cycles.  The green nylon ring 
deformed differently than the red nylon of NAS1021N4, the green nylon created a cone 
like appearance up and out of the locknut, shaped like: / \, where the red nylon did not.  
There a difference in the two nylons. 
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I.6     NAS1021N4 
Assembly Prevailing Torque decreased between the first and second tightening 
for each trial by about 10%.  Assembly Verification and Removal Torques also decreased 
noticeably between the first and second tightening.  The locknut performed very well.  
The Tightening Torque steadily increased then by cycle 5 it plateaued.  Breakloose 
Torque increased to cycle 5 then decreased to cycle 12, where it leveled off.  The 
locknut survived all 15 cycles for all preloads. 
Conclusion; the red nylon was the best performing aerospace locknut.  There 
seems to be a difference between the behaviors of the nylon inserts between 
NAS1021N4 and MS21044D4.  
I.7     Grade 8 
The Assembly Prevailing Torque decreased significantly for all trials between the 
first and second tightening from 18% to 40%.  During Trial 1 there was a large difference 
between the prevailing torque measurement in the tightening direction and the second 
measurement of the torque in the tightening direction, measured after preload and 
Removal Prevailing, for the 1
st
 cycle.  Afterwards it leveled out.  A similar behavior 
occurred during Trials 2-4, in which the tightening direction prevailing torque was 
smaller than the loosening direction prevailing torque.  These differences were largely 
negative, which is out of the ordinary since all other locknuts had positive differences.  
This means that the locknuts performance improved after the tightening and during 
Removal Prevailing Torque.  The Tightening and Breakloose Torques decreased  
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throughout each trial, starting high ending low.  The two values were also inconsistent.  
They would rise and fall randomly with each cycle, never holding to a clear discernible 
trend.  Thus far every locknut has survived all 15 cycles of its respective trial.   
Conclusion; the decrease in the Tightening and Breakloose torques could 
possibly be attributed to the lubrication being further distributed throughout the 
threads of the locknut and bolt reducing friction. Run-in could be another possible 
reason for the reduction in these torque values.  Since there were many instances of the 
difference between the tightening/re-tightening and tightening/loosening 
measurements being negative, the bolt may be creating a grove in the nylon insert 
creating a path of least resistance in the tightening direction, and getting caught up in 
the removal direction 
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Appendix J:   Definitions 
Assembly Prevailing Torque – Torque required to turn in the assembly or tightening 
direction once locking feature is fully engaged, but fastener is not seated 
Assembly Prevailing Verification Torque (Assem. Ver.) – Torque required to turn in the 
assembly or tightening direction once locking feature is fully engaged, but 
fastener is not seated, performed after removal prevailing torque is measured 
and before fastener is removed from bolt 
Breakloose Torque – The torque required to turn when a Preloaded threaded assembly 
is initially loosened 
Life Cycles – Number of reuse cycles locknut survived 
Preload – Force applied to locknut while seated, a percentage of bolt’s yield 
Percent Decrease – The percentage the Assembly Prevailing Torque decreased from 
cycle 1 to cycle 2 
Percent Difference – The percentage difference between Assembly Prevailing Torque 
and Removal Prevailing Torque during a single cycle 
Prevailing Torque – The torque required to turn in either direction to run a nut up or 
down a thread on nuts with prevailing locking feature, before seating 
Removal Prevailing Torque – Torque required to turn in the removal or loosening 
direction once locking feature is fully engaged, but fastener is not seated 
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Reuse Cycle – Locknut placed on test bolt and subjected to trial requirements then fully 
removed from test bolt, one on – off cycle of the locknut 
Seated – Nut face is engaged with the clamped component’s surface 
Tightening Torque – The torque required to achieve desired Preload 
Trial – A set of up to 15 reuse cycles performed in the manner described by the test plan 
Torque-Tension – relates between applied torque and resulting preload 
Unseated – Nut face does not engage or touch the clamped component’s surface 
 
 
 
